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What is the solution to allowing tall vessels to navigate past a vehicle bridge that is less than 10 
[ft] above the water? To answer this question, a balsa wood bridge was designed, constructed, 
and tested. The bridge needed to articulate by mechanical means, allow for travel through the 
bridge, and be able to withstand ample force while the main structure only being constructed 
of balsa wood and glue. The project was analyzed in sections. These sections include: the bridge 
structure and its members, the hydraulic lift, and the pins needed for the bridge and hydraulic 
lift to operate. The analysis determined that the bridge design would be suitable for the 
specified requirements. The requirements include: being able to hold 18.9-20 [kg], articulate to 
140 [mm], hold the position for 5 seconds through mechanical means, weigh less than 85 [kg] 
without the articulation mechanism, span a gap of 400 [mm], and allow travel through the 
bridge without obstruction. Construction of the parts needed to build these sub-assemblies and 
assemblies was completed first. The bridge structure was then built in sections: the bridge 
structure sub-assembly, the hydraulic lift sub-assembly, and the bridge assembly. Once built, 
the balsa wood bridge was tested to make sure it met its objectives. These tests were 
conducted on an engineering basis, such as the concepts of bending stress, moments, and 
material properties. The series of tests conducted proved that the final design of the bridge 
would meet the requirements stated above. 
 
Contents 
Abstract ........................................................................................................................................... 2  
1. INTRODUCTION ........................................................................................................................... 8  
a. Description .............................................................................................................................. 8 
b. Motivation............................................................................................................................... 8 
c. Function Statement ................................................................................................................. 8 
d. Requirements .......................................................................................................................... 8 
e. Engineering Merit ................................................................................................................... 9 
f. Scope of Effort ......................................................................................................................... 9 
g. Success Criteria ....................................................................................................................... 9 
2. DESIGN & ANALYSIS .................................................................................................................. 10 
a. Approach: Proposed Solution ............................................................................................... 10 
b. Design Description. ............................................................................................................... 11 
c. Benchmark............................................................................................................................. 12 
d. Performance Predictions ...................................................................................................... 12 
e. Description of Analysis .......................................................................................................... 12 
f. Scope of Testing and Evaluation ............................................................................................ 12 
g. Analysis .................................................................................................................................. 13 
i. Analysis 1 ............................................................................................................................ 13 
ii. Analysis 2 ........................................................................................................................... 14 
iii. Analysis 3 .......................................................................................................................... 14 
iv. Analysis 4 .......................................................................................................................... 15 
v. Analysis 5 ........................................................................................................................... 15 
vi. Analysis 6 .......................................................................................................................... 15 
vii. Analysis 7 ......................................................................................................................... 16 
viii. Analysis 8 ........................................................................................................................ 16 
ix. Analysis 9 .......................................................................................................................... 16 
x. Analysis 10 ......................................................................................................................... 17 
xi. Analysis 11 ........................................................................................................................ 17 
xii. Analysis 12 ....................................................................................................................... 17 
xiii. Analysis 13 ...................................................................................................................... 18 
xiv. Analysis 14 ...................................................................................................................... 18 
 4
h. Device: Parts, Shapes, and Conformation ............................................................................ 18 
i. Device Assembly .................................................................................................................... 19 
j. Technical Risk Analysis ........................................................................................................... 19 
k. Failure Mode Analysis ........................................................................................................... 19 
l. Operation Limits and Safety ................................................................................................... 19 
3. METHODS & CONSTRUCTION ................................................................................................... 20 
a. Methods ................................................................................................................................ 20 
i. Process Decisions ............................................................................................................... 20 
b. Construction .......................................................................................................................... 21 
i. Description ......................................................................................................................... 21 
ii. Drawing Tree, Drawing ID’s ............................................................................................... 21 
iii. Parts .................................................................................................................................. 21 
iv. Manufacturing Issues ....................................................................................................... 21 
v. Discussion of Assembly ..................................................................................................... 22 
4. TESTING ..................................................................................................................................... 23 
a. Introduction .......................................................................................................................... 23 
b. Method/Approach ................................................................................................................ 23 
c. Test Procedure ...................................................................................................................... 24 
d. Deliverables........................................................................................................................... 25 
5. BUDGET ..................................................................................................................................... 29 
a. Parts ...................................................................................................................................... 29 
b. Outsourcing ........................................................................................................................... 30 
c. Labor ...................................................................................................................................... 30 
d. Estimated Total Project Cost................................................................................................. 30 
e. Funding Source...................................................................................................................... 30 
6. SCHEDULE ................................................................................................................................. 31 
a. Design .................................................................................................................................... 31 
b. Construction .......................................................................................................................... 31 
c. Testing ................................................................................................................................... 32 
7. PROJECT MANAGEMENT .......................................................................................................... 33 
a. Human Resources ................................................................................................................. 33 
b. Physical Resources ................................................................................................................ 34 
c. Soft Resources ....................................................................................................................... 34 
 5
d. Financial Resources ............................................................................................................... 34 
8. DISCUSSION ............................................................................................................................... 35 
a. Design .................................................................................................................................... 35 
b. Construction .......................................................................................................................... 37 
c. Testing ................................................................................................................................... 39 
9. CONCLUSION ............................................................................................................................. 41 
10. ACKNOWLEDGEMENTS ........................................................................................................... 42 
References .................................................................................................................................... 43 
APPENDIX A – Analysis .................................................................................................................. 44 
Appendix A-1 – Bridge Loadings ............................................................................................... 44 
Appendix A-2 – Side Loading .................................................................................................... 51 
Appendix A-3 – Balsa Wood Material Selection (Stock Size) .................................................... 53 
Appendix A-4 – Glue Material Selection ................................................................................... 57 
Appendix A-5 – Weight ............................................................................................................. 60 
Appendix A-6 – Center of Mass ................................................................................................ 65 
Appendix A-7 – Hydraulic Lift Dimensions ................................................................................ 70 
Appendix A-8 – Force Needed to Lift ........................................................................................ 72 
Appendix A-9 – Hydraulic Lift Housing Material Selection ....................................................... 73 
Appendix A-10 – Reaction at Pin While Raising ........................................................................ 75 
Appendix A-11 – Hydraulic Pin Loading .................................................................................... 77 
Appendix A-12 – Pin Material Selection and Size ..................................................................... 79 
Appendix A-13 – Finite Element Analysis 1 .............................................................................. 81 
Appendix A-14 – Finite Element Analysis 2 .............................................................................. 94 
APPENDIX B – Drawings .............................................................................................................. 121 
Appendix B – Drawing Tree .................................................................................................... 121 
Appendix B – Subassembly Bridge Structure .......................................................................... 123 
Appendix B – Subassembly Hydraulic Lift ............................................................................... 124 
Appendix B – Assembly Balsa Wood Rising Bridge ................................................................. 125 
Appendix B – 31 mm Vertical Truss Member Drawing ........................................................... 126 
Appendix B – 50mm Vertical Truss Drawing ........................................................................... 127 
Appendix B – Member NO/SH Drawing .................................................................................. 128 
Appendix B – Member NB/HF Drawing .................................................................................. 129 
Appendix B – Member CK/KE Drawing ................................................................................... 130 
 6
Appendix B – Member MP/QL/QJ/RI Drawing ....................................................................... 131 
Appendix B – Member OS Drawing ........................................................................................ 132 
Appendix B – Member AG/NH Drawing ................................................................................. 133 
Appendix B – Road Deck Drawing ........................................................................................... 134 
Appendix B – Horizontal Member Drawing ............................................................................ 135 
Appendix B – Testing Block Drawing ...................................................................................... 136 
Appendix B – Hydraulic Housing Pin Drawing ........................................................................ 137 
Appendix B – Hydraulic Road Pin Drawing ............................................................................. 138 
Appendix B – Hydraulic Housing Bracket Drawing ................................................................. 139 
Appendix B – Hydraulic Housing Pin Cap Drawing ................................................................. 140 
Appendix B - Bridge Pin Drawing ............................................................................................ 141 
Appendix B – Bridge Pin Cap Drawing .................................................................................... 142 
Appendix B – Bridge Pin Holder Drawing ............................................................................... 143 
Appendix B – Hydraulic Lift Subassembly ............................................................................... 144 
APPENDIX C – Parts List and Costs .............................................................................................. 145 
APPENDIX D – Budget ................................................................................................................. 147 
APPENDIX E -Schedule ................................................................................................................ 148 
APPENDIX F – Expertise and Resources ...................................................................................... 150 
APPENDIX G – Testing Report ..................................................................................................... 152 
Test Report: Test 1: Travel ...................................................................................................... 152 
Introduction: ....................................................................................................................... 152 
Method/Approach: ............................................................................................................. 152 
Test Procedure: ................................................................................................................... 152 
Deliverables: ....................................................................................................................... 154 
Appendix G1 – Procedure Checklist(s) ................................................................................ 155 
Appendix G2 – Data Forms ................................................................................................. 156 
Appendix G3 – Raw Data .................................................................................................... 157 
Appendix G4 – Evaluation Sheet ......................................................................................... 158 
Appendix G5 – Gantt Chart ................................................................................................. 159 
Test Report: Test 2: Dimensions/Composition ........................................................................... 160 
Introduction: ....................................................................................................................... 160 
Method/Approach: ............................................................................................................. 160 
Test Procedure: ................................................................................................................... 160 
 7
Deliverables: ....................................................................................................................... 162 
Appendix G1 – Procedure Checklist(s) ................................................................................ 163 
Appendix G2 – Data Forms ................................................................................................. 164 
Appendix G3 – Raw Data .................................................................................................... 165 
Appendix G4 – Evaluation Sheet ......................................................................................... 166 
Appendix G5 – Gantt Chart ................................................................................................. 167 
Test Report: Test 3: Articulation ............................................................................................. 168 
Introduction: ....................................................................................................................... 168 
Method/Approach: ............................................................................................................. 168 
Test Procedure: ................................................................................................................... 168 
Deliverables: ....................................................................................................................... 170 
Appendix G1 – Procedure Checklist(s) ................................................................................ 171 
Appendix G2 – Data Forms ................................................................................................. 172 
Appendix G3 – Raw Data .................................................................................................... 173 
Appendix G4 – Evaluation Sheet ......................................................................................... 174 
Appendix G5 – Gantt Chart ................................................................................................. 175 
Test Report: Test 4: Load ........................................................................................................ 176 
Introduction: ....................................................................................................................... 176 
Method/Approach: ............................................................................................................. 176 
Test Procedure: ................................................................................................................... 176 
Deliverables: ....................................................................................................................... 180 
Appendix G1 – Procedure Checklist(s) ................................................................................ 181 
Appendix G2 – Data Forms ................................................................................................. 182 
Appendix G3 – Raw Data .................................................................................................... 183 
Appendix G4 – Evaluation Sheet ......................................................................................... 184 
Appendix G5 – Gantt Chart ................................................................................................. 185 






It is often that a bridge will need to allow for two kinds of travel: by boat and by car. Often 
times the existing road on land is lower than the biggest boat that will need to pass under the 
bridge. This means the bridge must be able to raise when incoming boat traffic that is larger 
than the allowing clearance needs to pass. Before large structures are built, there needs to be a 
prototype on a smaller scale in order to model that the bridge would serve its purpose. 
Engineering will address the problems that may arise with a rising bridge by finding a solution 
to how to make the bridge rise without causing unneeded stresses and keeping the bridge light 
enough to rise without excessive weight. 
 
b. Motivation  
This project was motivated due to the constraints of the university in terms of open labs and 
large gatherings caused by COVID-19. The lack of ability to meet face-to-face created a need to 
create a project that could be done from home without access to lab technology. Thus, 
motivation was found for a device that would allow for multiple types of transportation by 
rising to allow for boat travel while keeping the structure light. 
 
c. Function Statement 
The balsa wood bridge functions as a structure to span a divide while supporting a load and a 
structure that is able to lift when needed. 
 
d. Requirements 
In order for this project to succeed, requirements need to be met. The following is the 
requirements needed for this project: 
 Span an opening of 400 [mm] 
 Rest on 60 [mm] wide steel abutments that cannot withstand lateral force 
 The bridge structure, not including the raising mechanism, must not exceed 85 [g] and 
must be entirely made out of balsa wood and glue 
 The bridge road deck must be 38 [mm] wide with no openings other than the 8 [mm] 
diameter hole in the middle for testing 
 The road deck must be within either 12 [mm] of the abutment level at the outside edge 
of each abutment or the ends of the bridge, whichever is a shorter distance 
 The road deck must be centered within the bridge and must be either horizontal or a 
smooth curve. If the road deck is a smooth curve, the difference in elevation between 
any two points on the deck must not exceed 25 [mm] 
 The road deck must be free from obstructions in order to allow a 32 [mm] wide by 25 
[mm] high block to pass through 
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 The bridge must raise to lift at least 50% of the road deck 140 [mm] above its original 
horizontal resting position with 10 [g] added to the lifting mechanism 
 The bridge must maintain lifted position (without intervention) for the minimum time 
required for traffic to transverse under the bridge (10 seconds) 
 The bridge must be able to support a minimum of 18.9 to 20 [kg] 
 
e. Engineering Merit 
This project allows the student to design and create a bridge to meet the stated requirements 
through normal engineering means to solve a problem. These means include: equilibrium 
equations, material properties, calculation of center of mass, pressure calculations, and force 
calculations. 
 
f. Scope of Effort 
This project will include the design and creation of the bridge structure and the lifting 
mechanism. 
 
g. Success Criteria 
Success depends on the final performance of the bridge, with the bridge being able to support a 
minimum of 18.9 to 20 [kg] load while spanning a 400 [mm] gap and articulates. 
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2. DESIGN & ANALYSIS 
 
a. Approach: Proposed Solution 
For this project, many design concepts were considered. Each design spread the applied load 
differently, however, choosing one that would hold the applied load and meet the weight 











Similar projects have been conducted. An AP physics class in 2015 did a bridge structure out of 
balsa wood and glue, however, these bridges did not articulate. The strongest bridge in that 
project held 12.25 [kg] while only weighing 9.59 [g] (Bivolcic, 2015)1. Through this benchmark, it 
seems reasonable that the bridge structure outlined in this proposal would meet the required 
loading requirements while meeting the weight limit. 
 
d. Performance Predictions 
The predicted performance of this device is that it will hold 24 [kg] and be able to raise 50% of 
the bridge to a height of 168 [mm]. 
 
e. Description of Analysis 
The base analyses of this project pertain to loadings of trusses. This is a fundamental concept 
used to solve basic engineering problems. In these analyses the equilibrium equations were 
used, such as: ∑ M = 0, ∑ F = 0, and ∑ F = 0. In analysis 1, which can be found in Appendix 
A-1 - Bridge Loadings, base reactions were found in the applied loading situation with a safety 
factor of 1.2. Using a safety factor of 1.2 for the project allows for the design to account for 
other possible loadings that were not intended, so the bridge does not fail at the maximum 
required load. By finding the base reactions due to the applied load, it was possible to find the 
loadings within each member of the bridge through a method of sections. In analysis 2, which 
can be found in Appendix A-2 – Side Loading, the definition of normal stress, σ = , was applied 
to a situation if the bridge was side loaded with 10 [kg], as to simulate wind in the real world, in 
order to find the minimum areas of each member of the bridge corresponding to the direction 
associated with side loading. In order to find the minimum areas of each member, the yield 
strength was assumed to be the max stress the balsa wood would take before it would break. 
The values found in this analysis concluded that all the minimum required areas of the 
members in the side loading situation were admissible as no balsa wood stock sizes are made 
that small. This concluded that the only situation that needs to be analyzed is the normal 
loading situation as described in the next section. 
 
f. Scope of Testing and Evaluation 
The scope of testing and evaluation of this project will involve the loading of the bridge at the 
center of the road deck using a 38 [mm] square by 6 [mm] thick steel plate and a 6 [mm] 
diameter rod being threaded through the hole in the center of the steel plate to place a load of 
18.9-20 [kg]. Testing and evaluation will also involve clearance testing using the 32 [mm] wide 
by 25 [mm] high block, representing a vehicle, through the length of the bridge and making sure 
the bridge rests on the abutments. Testing and evaluation of this project will also include the 
weight of the bridge with the articulation apparatus removed. Finally, testing and evaluation of 
this project will also include testing of the articulation apparatus so that 50% of the bridge rises 




Through the following analyses requirements, analyses, designs, and drawings were found and 
evaluated. These analyses deploy basic engineering concepts in order to solve parameters for 
the design of the project. 
 
i. Analysis 1 
Analysis 1 evaluated the requirement that the bridge must hold 18.9-20 [kg] loaded at the 
center of the bridge. This analysis was conducted by using the equilibrium equations to solve 
for the support reactions at the abutments in order to find the loading of each member using 
the method of sections. This analysis resulted in loading values of: 
 𝑅 = 𝑅 = 55.69 [N] (C) 
 𝑅 = 𝑅 = 108.4 [N] (T) 
 𝑅 = 𝑅 = 168.62 [N] (C) 
 𝑅 = 𝑅 = 32.85 [N] (T) 
 𝑅 = 𝑅 = 386.7 [N] (C) 
 𝑅 = 𝑅 = 227.37 [N] (T) 
 𝑅 = 𝑅 = 0.0106 [N] (T) 
 𝑅 = 𝑅 = 140.7 [N] (T) 
 𝑅 = 𝑅 = 19.58 [N] (T) 
 𝑅 = 𝑅 = 119.21 [N] (T) 
 𝑅 = 𝑅 = 44.73 [N] (C) 
 𝑅 = 𝑅 = 2.11 [N] (T) 
 
From this analysis, it is assumed that the members along the road deck carry no load as 
determined by member JI and ML. Vertical members also carry no load. The design parameter 
found in this analysis is the minimum cross-sectional area of the members if the bridge was to 
collapse at yield strength. These values are: 
 𝐴 = 𝐴 = 55.69 [𝑚𝑚 ] 
 𝐴 = 𝐴 = 108.4 [𝑚𝑚 ] 
 𝐴 = 𝐴 = 168.2 [𝑚𝑚 ] 
 𝐴 = 𝐴 = 32.85 [𝑚𝑚 ] 
 𝐴 = 𝐴 = 119.21 [𝑚𝑚 ] 
 𝐴 = 𝐴 = 44.73 [𝑚𝑚 ] 
 𝐴 = 𝐴 = 386.7 [𝑚𝑚 ] 
 𝐴 = 𝐴 = 22.37 [𝑚𝑚 ] 
 𝐴 = 𝐴 = 0.0106 [𝑚𝑚 ] 
 𝐴 = 𝐴 = 140.97 [𝑚𝑚 ] 
 𝐴 = 𝐴 = 19.58 [𝑚𝑚 ] 
 𝐴 = 𝐴 = 2.11 [𝑚𝑚 ] 
 
The exact stock size needed will be evaluated in Analysis 3. The analysis above can be found in 
Appendix A-1 – Bridge Loadings. From these values, the size of each member can be 
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determined. This analysis is reflected in drawing 10-001 and 10-003, located in Appendix B – 
Subassembly Bridge Structure and Appendix B – Assembly Bridge, respectively. 
 
ii. Analysis 2 
Analysis 2 evaluated the requirement of a safety factor. This analysis was conducted using the 
definition of normal stress, σ = , to determine the minimum required area of each member in 
the direction specific to side loading. In this analysis, it was determined that a 2 [kg] side load 
was sufficient enough to account for accidental loading of the bridge. This analysis accounts for 
wind in the real world. This analysis resulted in the minimum required areas in a side loading 
situation: 
 All Side/Truss Members (Not Across the Bridge Structure): A = 19.62 [mm ] 
 All Vertical Truss Members (Across the Bridge Structure): A = 19.62 [mm ] 
 Road Deck: A = 19.62 [mm ] 
From this analysis, it is determined that the minimum area required for a side load of 2 [kg] was 
19.62 [mm ]. This resulted in minimum stock sizes for the bridge in order to account for side 
loading. The minimum stock size for all truss member is: 3/16 [in]*1/4 [in]*36 [in]. The 
minimum stock size for the road deck is: 3/32 [in]*4 [in]*36 [in]. These stock sizes can then be 
compared in Analysis 3 in order to determine the final stock sizes needed. This analysis can be 
found in Appendix A-2 – Side Loading. This analysis is reflected in drawing 10-001 and 10-003, 
located in Appendix B – Subassembly Bridge Structure and Appendix B – Assembly Bridge, 
respectively. 
 
iii. Analysis 3 
Analysis 3 evaluated the requirement that the bridge must hold 18.9-20 [kg]. This analysis was 
conducted using the definition of normal stress, σ = , to determine the maximum area 
needed in each member by using the yield strength and to determine the stress of a member 
given the determined stock size and the bridge loadings found in Analysis 1. The yield strength 
in this analysis was found in MatWeb.6 This analysis also determined the amount of each stock 
needed for the project by adding the lengths of all parts. Two extra boards were added to the 
truss members in case needed because parts don’t fit full length on entire board. This analysis 
resulted in the following stock sizes: 
 Road Deck: 3/32 [in]*4 [in]*36 [in] (1 needed) 
 Truss Members: 3/32 [in]*3/32 [in]*36 [in] (8 needed) 
From this analysis, stresses were calculated in order to determine stock size for the design. The 
following stock size for the road deck was determined: 3/32 [in]*4 [in]*36 [in]. The following 
stock size for the truss members was determined: 3/32 [in]*3/32 [in]*36 [in]. This analysis can 
be found in Appendix A-3 – Balsa Wood Material Selection (Stock Size). This analysis is reflected 
in drawing 10-001 and 10-003, located in Appendix B – Subassembly Bridge Structure and 




iv. Analysis 4 
Analysis 4 evaluated the requirement that the bridge must be held together by glue. This 
analysis determined the glue to be used on the bridge during manufacturing. In order to 
determine this, this analysis used the material properties for Gorilla epoxy, Gorilla glue, and 
wood cement. By using these properties, the area needed for each glue to hold the maximum 
loading was determined. From this area, the maximum total mass for each glue that would be 
needed to build the bridge was determined. These values are as follows: 
 A  = 9.43 [mm ] 
 A  = 155.93 [mm ] 
 A  = 74.80 [mm ] 
 m
 
= 1.96 [g] 
 m
 
= 18.41 [g] 
 m
 
= 6.90 [g] 
From this analysis, it was determined that Gorilla epoxy would be used as the design parameter 
for glue. This analysis can be found in Appendix A-4 – Glue Material Selection. This analysis is 
reflected in drawing 10-001 and 10-003, located in Appendix B – Subassembly Bridge Structure 
and Appendix B – Assembly Bridge, respectively. 
 
v. Analysis 5 
Analysis 5 evaluated the requirement that the bridge must weigh under 85 [g]. This analysis 
determined whether the stock size for all parts of the bridge was appropriate given the weight 
constraint. In order to determine this, this analysis used the material properties of balsa wood 
and the physical properties of the stock sizes to be used. The total mass of the bridge, including 
the glue, was calculated by the equation m = ρV + ( ∗ (# of areas)). By using this 
equation, the total mass of the bridge was calculated to be 66.916 [g] originally, but then was 
changed to 80.99 [g] due to redesign from change in stock size. This analysis determined it was 
best not to change the stock size of the truss members in order to not cause additional stresses 
and to allow for room for manufacturing error, such as using more glue than expected. The 
stock sizes to be used to meet the weight requirement of the bridge are: 
 Road Deck: 3/32 [in]*4 [in]*36 [in] 
 Truss Members: 3/32 [in]*3/32 [in]*36 [in] (3/16 [in]*3/16 [in]*24 [in] stock size used in 
overall design still met weight requirement) 
This analysis can be found in Appendix A-5 – Weight. This analysis is reflected in drawing 20-
009, located in Appendix B – Road Deck Drawing. 
 
vi. Analysis 6 
Analysis 6 evaluated the requirement that the bridge must lift 50% to 140 [mm]. This analysis 
determined the center of mass of the bridge in order to find the reaction happening while 
lifting, to be determined later. In this analysis, the center of mass of each member was found 
using the center of mass equations of rectangles, x=(1/2)x and y=(1/2)y, and the overall center 
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of mass was found using a weighted average equation. This analysis determined that the center 
of mass of the bridge was: (265.374, 54.181) [mm]. This analysis allows a bridge rotation pin to 
be designed later because it must be able to withstand the reaction caused by the weight of the 
bridge at the center of mass. This analysis can be found in Appendix A-6 – Center of Mass. This 
analysis is reflected in drawing 20-016, located in Appendix B – Bridge Pin Drawing. 
 
vii. Analysis 7 
Analysis 7 evaluated the requirement that the bridge must rise 50% of it to 140 [mm] and must 
be done by automated or manual means. This analysis determined the size of the hydraulic lift 
to be used to make the bridge rise. In order to determine this, this analysis used the bridge 
dimensions to form similar triangles in order to determine the length of the hydraulic lift. This 
method determined the length of the hydraulic lift should be 80.35 [mm]. This analysis also 
used the concept of pressure to determine the estimated height the bridge would rise at the far 
end. The concept that was used was: πR d = πR d  . With the found length of the 
hydraulic lift, it was estimated to have the given dimensions: 
 R=0.0125 [m] 
 D=0.1 [m] 
From these dimensions, it was estimated that the bridge would rise 277.8 [mm]. This analysis 
can be found in Appendix A-7 – Hydraulic Lift Dimensions. This analysis is reflected in drawing 
55-004, located in Appendix B – Hydraulic Lift Drawing. 
 
viii. Analysis 8 
Analysis 8 evaluated the requirement that the bridge must rise 50% of it to 140 [mm] and must 
be done by automated or manual means. This analysis determined the force the hydraulic lift 
needed to produce in order to lift the bridge. In order to determine this, this analysis used the 
concept of pressure, F = A . With the areas of the tubes to be used in the hydraulic lift 
being the same and the pushing force applied estimated to be 1 [N], it was found that the force 
needed to lift the bridge is 1.656 [N]. This easily adds 10 [g] to the hydraulic lift. This analysis 
determined that the tubes on the hydraulic lift having the same cross-sectional area would be 
satisfactory. This analysis can be found in Appendix A-8 – Force Needed to Lift. This analysis is 
reflected in drawing 55-004, located in Appendix B – Hydraulic Lift Drawing. 
 
ix. Analysis 9 
Analysis 9 evaluated the requirement that the bridge must rise 50% of it to 140 [mm] and must 
be done by automated or manual means. This analysis determined the dimensions and the 
material of the pins for the hydraulic lift housing by using the concept of material properties4 
and bending stress, σ = . From this analysis, it was determined that the hydraulic lift housing 
pin would possess the following properties: 
 ABS plastic material (3-D printed) 
 Hollow on one end to allow for a cap to be inserted with a cap on one end 
 38 [mm] in length (not including caps) 
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 2.50 [mm] in diameter 
From these dimensions and properties, it was determined that the hydraulic lift pin would only 
experience a stress of 24.778 [MPa]. This pin will successfully hold the hydraulic lift. This 
analysis can be found in Appendix A-9 – Hydraulic Lift Housing Material Selection. This analysis 
is reflected in drawings 20-012 and 20-013, located in Appendix B – Hydraulic Housing Pin 
Drawing and Appendix B – Hydraulic Road Pin Drawing, respectively. 
 
x. Analysis 10 
Analysis 10 evaluated the requirement that the bridge must rise 50% of it to 140 [mm] and 
must be done by automated or manual means. This analysis determined the reaction the bridge 
pin will experience while the bridge is raised to the required height by using the concept of a 
moment, ∑ M = ∑ Fd, where the positive direction was the counter-clockwise direction. From 
this analysis, it was determined that the bridge pin must be able to withstand a torque of 
0.16634 [N*m] clockwise. This analysis can be found in Appendix A-10 – Reaction at Pin While 
Raising. This analysis is reflected in drawing 20-016, located in Appendix B – Bridge Pin Drawing. 
 
xi. Analysis 11 
Analysis 11 evaluated the requirement that the bridge must rise 50% of it to 140 [mm] and 
must be done by automated or manual means. This analysis determined the reaction the 
hydraulic lift pins while the bridge is raised to the required height by using the concept of a 
moment, ∑ M = ∑ Fd, where the positive direction was the counter-clockwise direction. From 
this analysis, the following was determined: 
 Hydraulic housing pin reaction while bridge is in original position: 0 [N*m] 
 Hydraulic road pin reaction while bridge is in original position: 0 [N*m] 
 Hydraulic housing pin reaction while bridge is at required height: 0.212 [N*m] clockwise 
 Hydraulic road pin reaction while bridge is at required height: 0.16634 [N*m] clockwise 
This analysis can be found in Appendix A-11 – Hydraulic Pin Loading. This analysis is reflected in 
drawings 20-012 and 20-013, located in Appendix B – Hydraulic Housing Pin Drawing and 
Appendix B – Hydraulic Road Pin Drawing, respectively. 
 
xii. Analysis 12 
Analysis 12 evaluated the requirement that the bridge must rise 50% of it to 140 [mm]. This 
analysis determined the material and size of the bridge rotation pin by using the concept of 
material properties.4 From the material properties, the bending stress, σ = , was able to be 
calculated for a given set of dimensions and compared to the yield stress of the material. From 
this analysis, the bridge rotation pin was determined to be: 
 38 [mm] long without the caps 
 Radius of 2 [mm] 
This design causes a stress of 26.47 [MPa], which is less than the yield stress of 39.5 [MPa], 
allowing this design to be an acceptable design. This analysis can be found in Appendix A-12 – 
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Pin Material Selection and Size. This analysis is reflected in drawing 20-016, located in Appendix 
B – Bridge Pin Drawing. 
 
xiii. Analysis 13 
Analysis 13 evaluated the project’s stress and displacement levels through the finite element 
analysis method. This method was to calculate the estimated stresses in the members, as 
conducted in one of the above analyses; then, plug the design into Autodesk Inventor Nastran. 
This analysis concluded that the max von mises stress is 12.464 [MPa] at point M and the max 
displacement is 3.52 [mm] at point K. When this analysis was completed, it was discovered that 
the analysis was done for the full load on one side, instead of half the load, further proving that 
the bridge will be able to withstand the 18.9 – 20 [kg]. This can be seen in Appendix A-13 – 
Finite Element Analysis. 
 
xiv. Analysis 14 
Analysis 14 evaluated the hydraulic lift’s stress and displacement levels through the finite 
element analysis method. This analysis was to calculate the estimated stresses in the hydraulic 
pins when max pushing force is applied. The stresses were hand calculated with the equations 
σ =  and τ = . Then, the hydraulic lift sub-assembly was placed into Inventor Nastran where 
finite element analysis was applied. The stress values in finite element analysis were compared 
to the hand calculated values in order to make sure that the finite element analysis was 
accurate enough to reflect how the assembly would act. This analysis concluded that the max 
von mises stress is 19.118 [MPa] at the connected face of the bottom pin and the max 
displacement is 0.284 [mm] at the bottom pin. This analysis further proves that the hydraulic 
pins will be able to withstand the pushing force of the hydraulic lift. 
 
h. Device: Parts, Shapes, and Conformation 
The concept of the parts and shapes of the project design came from existing bridge designs, 
such as the Howe truss design, and the processes that would be used to create these parts. 
COVID-19 significantly influenced the way these parts are shaped and created because the 
project no longer has access to equipment it otherwise would have had access to. It was 
determined that a design factor of 1.2 for the truss members was sufficient enough due to the 
scale and limitations of the bridge and the bridge requirements. A design factor of 1 was 
determined to be sufficient for the hydraulic lift due to the size constraints of the bridge. A 
design factor of one was also determined to be sufficient enough for the hydraulic lift pin, 
hydraulic road pin, and the bridge rotation pin. This was due to the fact that the median yield 
strength was used to determine the size of the pins used for this project. The tolerance for all 
parts is ±0.1 in order to ensure that all parts will fit together correctly, while also taking into 
account how each part will be manufactured. The processes determined to manufacture these 
parts may be less efficient than other methods that would’ve been available to the project if 
COVID-19 was not around. Due to COVID-19, ergonomic issues may be more present in this 
project than usual due to the environment it was designed, built, and tested in. 
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i. Device Assembly 
The overall assembly of this project is composed of two sub-assemblies, the bridge structure 
sub-assembly and the hydraulic lift sub-assembly. These sub-assemblies will be built and then 
put together and the pins, zip ties, glue, and pin holders will be placed where needed. This final 
assembly addresses the solution to the problem by spanning a gap of 400 [mm], resting on steel 
abutments, being able to hold 18.9-20 [kg], being able to articulate by raising 50% of the bridge 
to 140 [mm] above its original horizontal position, and the bridge structure will weigh under 85 
[g]. 
 
j. Technical Risk Analysis 
The technical risks associated with this project are that the bridge structure does not weigh 
under 85 [g], the bridge does not span the 400 [mm] gap, the bridge does not hold 18.9-20 [kg] 
since the bridge is built to optimize lightness, and the bridge does not articulate so that 50% of 
the bridge is at 140 [mm] above its original horizontal position. However, this project has 
conducted analyses in order to ensure that these technical risks are avoided. 
 
k. Failure Mode Analysis 
The failure mode that was addressed in this project was failure due to bending stress. Most 
components in this project are under some form of bending stress, so by using material 
properties and the concept of stress due to bending, σ = , the right materials and sizes of 
components were selected by making sure the needed size did not exceed the yield strength of 
material when put in the load situation of the bridge. The pins also had failure mode analysis 
applied in order to make sure that the pins would not fail with the chosen materials at the 
moments and forces applied in the lifting situation for both the bridge pin and the hydraulic lift 
pins. 
 
l. Operation Limits and Safety 
This project is designed to operate safely when loaded within the constraint of a maximum load 
of 20 [kg]. The project possesses pinch points located at the gear rotation pin and between the 




3. METHODS & CONSTRUCTION 
 
a. Methods 
This project was conceived, analyzed, and designed at home due to the limitations of COVID-19. 
Working within the constraints of university resources with the limitation of COVID-19, parts 
will be constructed at home using simple tools and using a 3-D printer. This process of this 
project was: brainstorming, design selection, analysis of design, finalization of design and 
material selection, manufacturing and collection of parts, assembly of sub-assemblies, assembly 
of final assembly, testing, and presenting. Over the course of this process, a completed project 
was built and analyzed with ample documentation. 
 
The project was analyzed in sections. These sections include: the bridge structure and its 
members, the hydraulic lift, and the pins needed for the bridge and hydraulic lift to operate. 
The relevant equations used to analyze this project are: the concept of bending stress,  σ = ; 
weighted averages in order to calculate the center of mass; the concept of a moment, M = Fd; 
the concept of similar triangles to predict the actions of a hydraulic lift; and the concept of 
material properties and using them in the bending stress equation, σ = . The course of these 
analyses concluded the exact materials and dimensions of parts that were unknown in the 
initial design. These analyses also prove that the bridge will function at the requirements and 
that the methods described in this section are satisfactory and ample. 
 
Additional analyses were needed in order to verify that the bridge would still function as 
planned after the stock size of the truss members was needed to be changed due to stock 
availability. Functionality was easily met as the bridge was designed with smaller truss 
members initially. The project was analyzed through finite element analysis after the stock size 
change in order to ensure the project would still function as intended. 
 
i. Process Decisions 
Decisions were made based on ease and availability of tools and parts. For example, the 
hydraulic lift decision was concluded to be bought assembled instead of building from raw parts 
because of the difficulty and cost that was associated with constructing a hydraulic lift from raw 
materials. This decision was also based on the time it would take to assemble a hydraulic lift 
from scratch and the problems that may arise during manufacturing. With the time frame of 
assembling this project and the ease and availability of an already manufactured hydraulic lift, it 
was decided that building a hydraulic lift from scratch was unpractical. This decision was 
processed through a decision matrix. This decision matrix can be seen in Appendix F – Expertise 
and Resources. 
 
Another decision that was made for this project was to 3-D print a hydraulic pin and pin cap 
instead of buying these parts. The main reason for this decision was the ease of finding a part to 
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fit what the project needed and the cost of the part. When considering 3-D printing, it was 
noted that parts may not be as smooth as they would be if they were bought from a local 
hardware store or online, but could easily be fixed with some sand paper if the 3-D printed 
parts caused the bridge to not operate smoothly. The tolerancing on these parts also may not 
be as tight as other parts specified in this project, however, the parts can be sanded and 
finished to size within the needed tolerancing. For the parts that were decided to be 3-D 
printed, tight tolerancing is not needed. This decision was made using a decision matrix. This 





The project will be built in sections. These sections are the same as the assembly and sub-
assemblies seen in Appendix B. The sub-assemblies and assemblies are: the bridge structure 
sub-assembly, the hydraulic lift sub-assembly, and the bridge assembly. Construction will occur 
in a specific sequence: the bridge structure will be built first, then the hydraulic lift, and then 
the completed bridge will be assembled. This project is made up of 20 parts and two sub-
assemblies. All but one part will be either constructed or printed. One of the key components 
will be constructed at home, while one other key component will be obtained from a supplier 
and the other key component will be 3-D printed from home. 
 
ii. Drawing Tree, Drawing ID’s 
The bridge assembly is made up of two sub-assemblies: the bridge structure sub-assembly, 
drawing 10-001, and the hydraulic lift sub-assembly, drawing 10-002. The bridge assembly is 
made from part drawing number 20-001 through 20-010. The hydraulic lift sub-assembly is 
made from part drawing numbers of: 55-004 and 20-012 through 20-015. Drawings 20-011 and 
20-016 through 20-018 are unassigned to a sub-assembly, but do belong on the final bridge 
assembly. The drawing tree for this project can be seen below and in Appendix B – Drawing 
Tree.  
 
iii. Parts  
In Appendix C, the parts list can be seen. The process groupings to be used in this project are: 
hand-cut, purchased items that require modification, and 3-D printing. Parts 20-001 – 20-010 
and 20-018 will be hand cut using an X-Acto knife and a drill if needed. Parts 20-011 - 20-017 
will be 3-D printed. Part 10-002 is a part that will consist of three purchased items that require 
modification. 
 
iv. Manufacturing Issues 
During a project, there are many manufacturing issues that could occur. Possible manufacturing 
issues that may be encountered are: defects in the materials, human error, and tool error. The 
most likely manufacturing issue to be encountered in this project is defects in the material. 
Since the bulk of the project is made of balsa wood and glue, the balsa wood could contain 
knots in it, interrupting the grain and causing unforeseen weaknesses in the material. The glue 
 22 
the bridge is made out of could also have bubbles in it once it sets, causing gaps in the bonding, 
and thus causing unforeseen weaknesses in the material. The other defects in the materials 
could be seen in the 3-D printed parts if something goes wrong while the parts are printing. 
There is also a chance that the 3-D printed parts may not print smoothly and thus may cause 
the bridge to not run properly, however, this manufacturing issue could be fixed with 
sandpaper in order to smooth out the part. 3-D printed parts can also snap in the process of 
assembling the project. There is also the issue that balsa wood, which is the main material of 
the project, is very delicate and can crack and tear during manufacturing of the balsa wood 
parts. Some parts, such as the bridge pin holder, part 20-018, are difficult to manufacture by 
hand due to their small size, a second body was needed in order to manufacture these parts. 
 
v. Discussion of Assembly 
The device is constructed of two sub-assemblies. The first sub-assembly to be built will be the 
bridge structure and then the hydraulic lift sub-assembly will be built. The hydraulic lift raw 
parts will be modified in the hydraulic lift sub-assembly, which is not able to be seen in the 
drawing found in Append B – Subassembly Hydraulic Lift because the drawing is an estimate 
raw part drawing. After these two subassemblies are built, they will be combined with the 
addition of pins, zip ties, and glue where needed. When the final assembly is complete, the 
bridge will be larger, more expensive, and harder to manufacture than the benchmark. 
However, the bridge should be able to hold more and weight more than the benchmark and 
should also be able to articulate by raising half of the road deck to 140 [mm], something the 
benchmark could not do. 
 
An issue during manufacturing can happen during the assembly phase of the project is 
improper bonding at the joints through the glue used in this project. This can be caused by 
bubbles forming in the epoxy. Bubbles forming in the epoxy leave more room for unexplained 
error when it comes to testing the device. The project engineer must be careful not to form 
bubbles in the epoxy when mixing and placing the epoxy on the soon-to-be assembled parts. 
The project engineer must also be aware of how to epoxy bonds at the joint when placed as 







For this project, it was tested in six ways. First, the bridge structure weight was measured and 
compared to requirement value. Next, the bridge dimensions were tested and compared to the 
requirement values. Then, the project was tested to span a gap and rest on steel abutments. 
Next, it was tested for travel and clearance using the testing block located in Appendix B – 
Testing Block Drawing. Then, the raising mechanism on the device was tested by raising the 
bridge with the device and measuring where appropriate. Finally, the bridge was then be tested 
for load security using weights. 
 
a. Introduction 
As stated above, the project was tested in six different ways. Below is what was measured and 
tested during these six different tests: 
 Must span an opening of 400 [mm] 
 Be able to rest on 60[mm] wide steel abutments that cannot withstand lateral force 
 The bridge structure, not including the raising mechanism, must not exceed 85 [g] and 
must be entirely made out of balsa wood and glue 
 The bridge road deck must be 38 [mm] wide with no openings other than the 8 [mm] 
diameter hole in the middle for testing 
 The road deck must be within either 12 [mm] of the abutment level at the outside edge 
of each abutment or the ends of the bridge, whichever is a shorter distance 
 The road deck must be centered within the bridge and must be either horizontal or a 
smooth curve. If the road deck is a smooth curve, the difference in elevation between 
any two points on the deck must not exceed 25 [mm] 
 The road deck must be free from obstructions in order to allow a 32 [mm] wide by 25 
[mm] high block to pass through 
 The bridge must raise to lift at least 50% of the road deck 140 [mm] above its original 
horizontal resting position with 10 [g] added to the lifting mechanism 
 The bridge must be able to hold raised position for 10 seconds 
 The bridge must be able to support a minimum of 18.9 to 20 [kg] 
 
b. Method/Approach 
Below is the method of testing that was followed in this project: 
1. Weigh the bridge structure and subtract the weight of the hydraulic lift assembly to 
determine the weight of the bridge and whether it meets the weight requirement. 
2. Determine whether the bridge can span a 400 [mm] gap and rest on steel abutments 
that cannot withstand lateral force by placing it over a 400 [mm] gap and resting it on 
the steel abutments. 
3. Measure the width of the road deck and the hole in the center to determine if it meets 
the requirement of 38 [mm] with a hole in the center with a diameter of 8 [mm]. 
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4. Measure the distance between the road deck and the steel abutments and compare it 
to the required value of 12 [mm]. 
5. Measure to make sure the road deck is centered in the bridge. 
6. Test clearance of bridge and determine if meets requirement. 
7. Raise bridge with lifting mechanism and determine if it meets the lifting requirement of 
50% of the bridge at 140 [mm] from original horizontal position. 
8. Measure how long the bridge can maintain raised position. 
9. Test and measure the load the bridge can hold. 
 
c. Test Procedure 
The procedure of the testing process is as follows: 
1. Determine if the bridge structure is made out of balsa wood and glue and record the 
result. 
2. Weigh and record the weight of the hydraulic lift assembly using a scale before 
attaching to bridge. 
3. Weigh and record the weight of the completed bridge using a scale. 
4. Subtract the weight of the hydraulic lift assembly from the completed bridge weight. 
Determine if this weight meets the weight requirement of 85 [g] or under. 
5. Create a 400 [mm] gap with two tables of equal height and place the steel abutments. 
6. Place the bridge on the steel abutments and record if the bridge spans the 400 [mm] 
gap and if the bridge rests on the steel abutments. 
7. Measure and record the width of the road deck using calipers. Determine if the road 
deck meets the 38 [mm] requirement. 
8. Measure and record the hole center location on the road deck with calipers. Determine 
if the hole location meets the requirement of being in the center of the road deck. 
9. Measure and record the hole diameter using calipers. Determine if the hole diameter 
meets the requirement of 8 [mm]. 
10. Measure and record the distance between the road deck (Member AG in the case of this 
bridge) and the steel abutments using calipers. Determine if this value meets the 
requirement of 12 [mm] or less. 
11. Measure and record the width of member NH on both sides using calipers. 
12. Measure and record the total width of the bridge at the road deck on both sides using 
calipers. 
13. Compare the values in steps 11 and 12, if the values are the same then the bridge meets 
the requirement of the road deck being in the center of the bridge. 
14. Measure the width and height of the testing block using calipers. Determine if the 
testing block meets the requirement of 32 [mm] wide by 25 [mm] high. 
15. Run the testing block all the way through the bridge (testing block and above part) and 
record if it meets the requirement that the bridge must be able to pass a 32 [mm] wide 
by 25 [mm] high testing block all the way through. 
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16. Raise the bridge with the lifting mechanism and measure and record the height from the 
center of the road deck hole to the top portion of the bottom part of the bridge. 
Determine if this distance meets the requirement of 140 [mm]. 
17. Measure and record how long the bridge can maintain its raised position. 
18. Measure and record the weight of the bucket, hook, and 38 [mm] plate used to test the 
load the bridge can hold. This will be included in the load the bridge can hold. 
19. Make sure the bridge is resting properly on abutment over the 400 [mm] gap and attach 
38 [mm] plate and hook to the hole in the road deck. 
20. Subtract weight of testing supplies (hook, plate, and bucket) from the required load. 
Measure of this weight in sand. 
21. From the measured sand, carefully dump cups of sand into the bucket until all the sand 




The deliverables of this project can be found in the tables below: 
Question Meet requirement? [Yes/No] 
Bridge made out of only balsa wood and 
glue? 
 
Table 1. Shows whether or not the bridge meets the requirement of only being made out of balsa wood and glue, 
excluding the lifting mechanism. 
 
Item Weight [g] Meet Requirement? 
[Yes/No] 
Weight of Hydraulic Lift 
Assembly 
 N/A 
Total Weight of Bridge  N/A 
Bridge Structure Weight   
Table 2. Shows whether or not the bridge structure meets the requirement of weighing no more than 85 [g]. 
 
Question Meet Requirement? [Yes/No] 
Does the bridge span to 400 [mm] gap?  
Does the bridge rest on the steel abutments 
that cannot withstand lateral force? 
 
Table 3. Shows whether or not the bridge meets the requirement that it must span a 400 [mm] gap and rest on 
steel abutments that cannot withstand lateral force. 
 
Item Measurement [mm] Meet Requirement? [Yes/No} 
Width of Road Deck   
Location of Hole on Road 
Deck 
  
Road Deck Hole Diameter   
 26 
Distance between Road Deck 
(Member AG in this case) and 
the steel abutments 
  
Table 4. Shows whether or not the bridge meets the requirement for the width of the road deck, the location of 
the hole on the road deck, the road deck hole diameter, and the distance between the road deck and the steel 
abutments. 
 
Item Measurement [mm] Meet Requirement? [Yes/No] 
Width of Member AG (Side 1-
End 1) 
 N/A 
Width of Member AG (Side 2-
End 1) 
 N/A 
Width of Member AG (Side 1-
End 2) 
 N/A 
Width of Member AG (Side 2-
End 2) 
 N/A 
Total Width of End 1  N/A 
Total Width of End 2  N/A 
Width Comparison   
Table 5. Shows whether or not the bridge meets the requirement that the road deck must be centered in the 
bridge. 
 
Item Measurement [mm] Meet Requirement? [Yes/No] 
Width of Testing Block   
Height of Testing Block   
Does the block successfully 
travel the length of the 
bridge? 
N/A  
Table 6. Shows whether or not the testing block meets the requirement of 32 [mm] wide by 25 [mm] high. This 
table also shows whether or not the bridge meets the requirement that the testing block can successfully pass 
through the length on the bridge. 
 
Item Measurement  Meet Requirement? [Yes/No] 
Does the bridge raise by 
automated or manual 
means?  
N/A  
Height Raised at Midpoint of 
Bridge 
[mm]  
Time Bridge Is Able to 
Maintain Raised Position 
[s]  
Table 7. Shows whether or not the bridge meets the requirements that it raises by automated or manual means, is 
able to raise 50% of the road deck to 140 [mm], and is able to hold its raised position for 10 seconds. 
 
Item Measurement [g] Meet Requirement? [Yes/No] 
38 [mm] Testing Plate Weight  N/A 
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Testing Hook Assembly 
Weight 
 N/A 
Weight of Bucket  N/A 
Weight of Sand Needed  N/A 
Did the bridge hold the 
testing plate, hook assembly, 
bucket, and all the sand 
needed? 
N/A  
Table 8. Shows whether or not the bridge meets the requirement of being able to hold a load of 18.9 [kg] - 20 [kg]. 
 
Test 1 for this project evaluated the travel requirement of the bridge. The predicted results 
were that the bridge would be able to have a 32 [mm] wide by 25 [mm] high by 32 [mm] deep 
block travel the length of the bridge without obstruction. This test produced the predicted 
results as the bridge was able to have a 32 [mm] wide by 25 [mm] high by 32 [mm] deep block 
travel the length of the bridge without obstruction. However, one thing during this test that 
was observed was not expected. While pushing the block with a piece of balsa wood stock, the 
block started to twist because the size of the balsa wood stock was much smaller than the size 
of the block, so counteraction of this twisting motion was needed to complete the test. This 
testing report can be seen in Appendix G – Test Report: Test 1: Travel at the end of this report. 
 
Test 2 for this project evaluated the dimension and composition requirements of the bridge. 
The predicted results were that the bridge was constructed out of balsa wood and glue without 
inclusion of the articulation mechanism, the road deck is 38 [mm] wide, centered in the bridge, 
and level without curvature, and that the hole in the road deck is 8 [mm] in diameter and 
centered on the road deck. This test produced the predicted results of being constructed out of 
balsa wood and glue without inclusion of the articulation mechanism, the road deck is 38 [mm] 
wide, centered in the bridge, and level without curvature, and that the hole in the road deck is 
8 [mm] in diameter and centered on the road deck. No unexpected events occurred during this 
test. This testing report can be seen in Appendix G – Test Report: Test 2: 
Dimensions/Composition at the end of this report. 
 
Test 3 for this project evaluated the articulation requirement of the bridge. The predicted 
results were that the bridge would be able to articulate through automated or manual means, 
lift 50% of the bridge to 140 [mm], and hold that position for 10 seconds. This test produced 
the predicted results that the bridge will be able to articulate through automated or manual 
means, lift 50% of the bridge to 140 [mm], and hold that position for 10 seconds. During this 
test, the bridge exceeded the midpoint of the bridge being raised to 140 [mm] by 3 [mm], but 
was stopped by the project engineer because even though the bridge could go higher, the 
bridge would be operating out of specified operation and thus causing risk for the bridge to 
collapse. This risk was associated with this test, but since the bridge was operated within 
operation standards, the bridge posed no risk of collapsing. This testing report can be seen in 
Appendix G – Test Report: Test 3: Articulation at the end of this report. 
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Test 4 for this project evaluated the loading and weight requirement of the bridge. The 
predicted results were that the bridge would be able to hold 18.9-20 [kg] loaded at the center 
of the bridge and would weigh 85 [g] or less, not including the articulation mechanism. This test 
produced the predicted results that the bridge would be able to hold 18.9-20 [kg] loaded at the 
center of the bridge and would weigh 85 [g] or less, not including the articulation mechanism. 
During this test, the bridge exceeded the weight requirement by only weighing 73 [g] without 
the articulation mechanism and met the high end of the weigh requirement by holding 20 [kg]. 
However, while loading the bridge, it was found that the size of the bucket needed for the 
testing mechanism was miscalculated and was too small. However, there was enough space 
between the top of the sand in the bucket and the bucket handle to place a bowl on top of it in 
order to place the rest of the sand needed to complete the test. This risk was associated with 
this test as well as the risk of the bridge collapsing due to being overloaded or loaded 
improperly. This test did not cause the bridge to collapse because the bridge was operating 
within operational standards. This testing report can be seen in Appendix G – Test Report: Test 






Over the course of this project, there are three primary risks. These risks are: cost, schedule, 
and project management. Below is the budget to help minimize the cost risk associated with 
this project. Careful tracking of the budget and schedule will be conducted throughout the 
project and certain time frames will be allotted to work on the project. 
 
The cost projection in the below sections was still accurate for parts despite needing to change 
the stock size of some materials. Luckily, there was no extra cost due to error and mistakes 
while manufacturing the project. Redesign and analyses were conducted to solve the problem 
posed by changing the stock size of the truss members. Tax and shipping of the parts was 
included in the estimated price of each part. It is being seen that the projection of labor costs 
was over, so the project will be under budget by project end. 
 
The additional costs due to errors during construction for this project was the cost of an 
additional water syringe for the hydraulic lift when the part ordered off Amazon.com came in 
much larger than expected. This additional cost was $9.34. 
 
While there were no additional costs due to errors and mistakes during testing for this project, 
there were additional unforeseen costs for equipment due to lack of equipment available due 
to COVID-19. The unforeseen equipment costs totaled to be $412.53. Thankfully, the 
contingency funding budget was $400.00, so the project only went over budget by $12.53 in 
this regard. However, since the project hours are much lower than predicted to complete the 
project, the project is still under budget. 
 
a. Parts 
For this project, raw materials will need to be collected in order to build the bridge structure. 
The hydraulic lift will be bought in parts and then assembled. These parts and raw materials 
make up for the bulk of the part expenses of this project. The price of the raw balsa wood and 
glue for this project is: $40.91. The price of the hydraulic lift parts is: $58.97. This totals to a 
total cost of $92.88 in raw materials and purchased parts. If this project was composed of all 
parts that were bought, the parts cost would be: $315.74. Manufacturing some of these parts 
saves the project money and more room for error if mistakes happen. A complete list of parts 
and raw materials for this project, as well as the prices associated with them, can be found in 
Appendix C – Parts List and Cost. 
 
In the middle of the construction phase, all parts for the project have been ordered. All parts 
were on time besides the stock for the road deck of the bridge. This part took three weeks to 
arrive and then needed to be manufactured, leaving this part to be one of the last pieces that 
were constructed and allowing less room for error. The time frame for most parts to arrive was 
shorter than estimated, allowing manufacturing of the parts to begin much sooner than 
anticipated. Two hydraulic lifts were ordered and purchased instead of one because the 
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hydraulic lift that was purchased on Amazon.com, was much larger than anticipated and a 
much smaller one was needed to be order in order to function correctly for the project. 
 
In the middle of the construction phase, no parts are left to obtain as everything, besides to 
road deck stock, had arrived before expected and manufacturing of parts was able to start 
sooner than expected. This means that the project can be assembled sooner than expected to 
be able to allow more room for error if error occurs. 
 
During assembly of the bridge, more equipment was deemed necessary. However, the 
equipment that was needed was not expected, and therefore used more of the budget than 
allotted for equipment. Thankfully, there was $400 contingency funding set aside. This fund 
was used to cover the extra costs of unforeseen equipment needs. Even with the equipment 
going over budget, the project will be under budget by the end of project completion. 
 
b. Outsourcing 
For this project, the hydraulic lift assembly will need to be outsourced. However, these parts 
are included in the parts budget. The specific cost of the outsourced parts of the hydraulic lift 
assembly is: $39.92. 
 
c. Labor 
Per the schedule, labor costs are estimated based off estimated hours to complete all tasks of 
this project. Rates are estimated at industry standard for a specific process or operation. This 
rate is: $100.00/hr. With the estimated hours to complete this project at 323.5 hours, the 
estimated labor cost is $32,350.00. 
 
d. Estimated Total Project Cost 
In total, the project is estimated to cost $36,500.74. This total is constructed of many subtotals. 
The parts subtotal for this project is: $315.74. Shipping and taxes are included in the parts 
subtotal of this project. The labor subtotal for this project is: $32,350.00. The labor tax to be 
collected adds to a subtotal of: $3,235.00. The subtotal for contingency funding is $400.00. The 
subtotal for equipment purchases is: $200.00. These subtotals can be found in Appendix D – 
Budget. 
 
e. Funding Source 
Funding sources for this project are limited. The cost of this project is supported by the student. 
However, the cost to the student will be much lower because the labor portion of the project is 





With a schedule comes risks of tasks not being completed on time. For example, the 31 [mm] 
vertical truss member drawing took 1.17 hours, even though it was estimated to take 1 hour. 
For this instance, the drawing took slightly longer than expected because it was the first 
drawing of the project. The estimated duration of tasks leans on the high end of expected time 
in order to account for tasks that may take longer than expected. By doing this, it allows the 
project to run ahead of schedule. However, technological and analytical errors have to potential 
of preventing tasks from being completed on time. So far, every task has been ahead of 
schedule besides the 31 [mm] vertical truss member drawing because the tasks were estimated 
to be slightly longer than expected. The major milestone in the design process of the project is 
the draft proposal, which will be finished by November 16th, 2020. The project schedule can be 
found in Appendix E – Schedule. 
 
b. Construction 
The construction portion of this project will be done during winter quarter. There are four 
major milestones in the construction portion of this project. These major milestones are: 
build/print/buy 33% of the parts, build/print/buy 50% of the parts, build/print/buy 75% of the 
parts, and a working device. By January 20th, 2021, 33% of the parts of the project will be 
completed. By February 3rd, 2021, at least half the parts of the project should be done. By 
February 17th, 2021, 75% of the parts for the project should be done. By March 10th, 2021, the 
final bridge assembly should be complete and functioning. This portion of the project schedule 
can also be found in Appendix E – Schedule. 
 
The schedule in Appendix E was composed before construction of parts was started. Upon 
starting construction of the project parts, it was discovered that it would be beneficial to 
manufacture the longer balsa wood parts before the shorter balsa wood parts, that way there 
would be less waste of material and if a member was accidentally cut too short, it could still be 
used to make smaller parts for the project. This method proved to be successful in reducing 
waste. This method was chosen over the initial plan to manufacture parts in order of part 
number and subassembly group. 
 
Almost all tasks for this project were completed within the estimated time to complete each 
task. This allowed the project to be ahead of schedule, if not on schedule, with ease. The 
ordering process of materials caused a bit of unforeseen time consumption due to having to 
change the stock size of the members because the stock size initially planned for, the company 
did not carry. The ordering process of materials also caused a slight variation from the schedule 
as the stock for the road deck took three weeks to be delivered and no store carried the stock 
size. The manufacture plan took an hour longer than the estimated time due to unforeseen 
circumstances in building the bridge structure. When trying to glue the sides of the bridge to 
the horizontal members and road deck, it was discovered than the initial manufacture plan 
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would not be sufficient to complete the task. Due to this and the longer dry time for the epoxy 
than expected, the assembly of the bridge structure took longer than the estimated time to 
complete that task. Before these issues, the project was ahead of schedule, so the additional 
time needed to overcome these issues was not a problem. However, instead of the project 
being ahead of schedule as it was most of the construction phase, the project was on schedule. 
As of March 3, 2021, the actual project hours to date are 119 hours. 
 
c. Testing 
The testing portion of this project will be done in spring quarter. There are three major 
milestones in the testing portion of this project. These major milestones are: testing, Source, 
and the final presentation. By April 24, 2021, testing should be complete. By April 30, the 
SOURCE presentation should be complete. By the week of May 16th-22nd, 2021, presenting in 
SOURCE should be complete. By May 24th, 2021, the final presentation should be complete. By 
June 4th at 10am, the final engineering report for this project should be complete. This portion 
of the project schedule can also be found in Appendix E – Schedule. 
 
The schedule in Appendix E was composed before testing of the project was started. Upon start 
of testing for the device, it was discovered it would be beneficial to wait to do the loading test 
until a solid plan that would allow for the bridge to only be loaded with downward force was 
developed. This took a couple weeks, but since the first three tests were ahead of schedule, 
there was no delay of the project testing even though postponing the loading test posed risk for 
the project to fall behind schedule. 
 
All tasks for this project were completed within the estimated time to complete each task. This 
allowed the project to be ahead of schedule, if not on schedule, with ease. Even with testing 
taking longer than anticipated, the project was ahead of schedule. As of April 23, 2021, the 
actual project hours are 141 hours. At this rate, the project will finish using only about half of its 
projected project hours. This is due to the project being ahead of schedule during most of the 




7. PROJECT MANAGEMENT 
With any project, comes risk. This project poses several areas for risk. These areas include: 
budget, scheduling, safety, and resources. 
 
With any project, there is always a risk of going over budget. However, the process of picking 
and designing parts has always kept cost in mind in order to help meet the budget. With this 
project, the only way the budget would go over is by spending too much time completing tasks, 
thus driving the labor cost up. This can be minimized by simple project management and time 
management. 
 
Scheduling risks associated with this project also correlate to going over the project budget by 
taking too long on tasks. However, scheduling risks can also be not allowing enough time to 
complete a task and thus falling behind schedule. Falling behind schedule causes the project to 
often not be completed on time. Scheduling risks associated with this project can be minimized 
by project management and time management. 
 
With any project, there are always safety risks. Safety risks for this project are small, but still 
exist since there is no heavy machinery being used, but sharp objects used to cut balsa wood 
will be present in this project. Safety risks associated with this project can be minimized with 
project management. 
 
With any project, there is always risk in terms of resources. The resources risk associated with 
this project lies in part availability, availability of funds, and the lack of resources due to COVID-
19. COVID-19 has dramatically impacted the availability of resources. These impacted resources 
include: part availability, availability of funds, and availability of tools and resources such as the 
machine shop and mentors. Resource risk can be minimized by project management. 
 
This project will succeed due to the availability of appropriate technical expertise and 
resources. 
 
a. Human Resources 
Human resources are one of the most important parts of project management. Human 
resources for this project include: the principal engineer, mentors, faculty, and staff. The 
principal engineer will provide expertise in the bending stresses of structures and parts as well 
as the design parameters needed to be met for specific parts. The principal engineer’s resume 
can be found in Appendix H – Resume. For a list of the mentors, faculty, and staff consulted 
during this project, please refer to the Acknowledgements section of this proposal and 
Appendix F – Expertise and Resources. 
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b. Physical Resources 
The physical resources to be used in this process are: an X-Acto knife, glue, calipers, and a 3-D 
printer. COVID-19 has significantly restricted the access to other physical resources, such as 
machines, for this project. An X-Acto knife will be used to cut the majority of the balsa wood 
parts to the required specifications. The glue will be used to glue the bridge together and make 
sure it is stable. The calipers will be used to measure all the distances needed for this project to 
succeed. The 3-D printer will be used to print all the ABS parts, such as the pins and pin caps. 
 
c. Soft Resources 
The soft resources for this project are plentiful, as COVID-19 has forced the project to use other 
means, such as software, to produce the project due to the lack of physical resources. The soft 
resources for this project include: SolidWorks, MDSolids, Microsoft Teams, and MatWeb. 
Solidworks helped visualize and specify the parts, sub-assemblies, and the final assembly. 
MDSolids helped determine the appropriate bridge design for this project. Microsoft Teams 
helped the project advance by allowing the principal engineer to communicate with mentors, 
faculty, and staff throughout the project. MatWeb contributed to the overall project by 
providing the principal engineer with the material properties of considered materials in order to 
determine the appropriate design for the project parts. If soft resources fail, other avenues will 
be explored in order to gather the correct information, this could include manual analysis. 
 
d. Financial Resources 
The project sponsor is committed to providing monetary support for project research and 
accomplishments. It will also provide equipment for the completion of the project. If the 






The design phase of the project was structured as follows: brainstorming; design selection; 
design analysis; design drawings, sub-assemblies, and assemblies; and the supporting 
documentation such as: parts list, budget, schedule, etc. During the brainstorming section of 
the design process, three designs were brainstormed and considered and of those three 
designs, the one proposed in this document was chosen. 
 
The analyses highlighted in this document helped determine the requirements of parts that 
made up the final product of the project. Overall, the analyses for this project went well and 
took less time than expected. However, the Hydraulic Lift Dimensions Analysis was done twice 
because it was completed wrong the first time. This caused the analysis to go over the 
estimated time to complete. The first time the analysis was completed, it was done as if the top 
of the hydraulic lift did not have a fixed point it needed to be located at. This version of the 
analysis gave an answer of over 400 [mm], which was almost the length of the bridge. The 
second time this analysis was completed, it was done as if the hydraulic lift had two anchored 
points in order to produce the given required height for 50% of the bridge. This produced an 
answer of a hydraulic lift length of 80.35 [mm], which seemed much more reasonable than the 
first version of this analysis. The set of analyses presented in this document produced a 
successful design. 
 
The design drawings, sub-assemblies, and assemblies help establish the final product that will 
be produced at the end of the construction phase of this project. No design flaws were 
discovered in the parts drawings until sub-assemblies were created. When building the Bridge 
Structure Sub-assembly, it was determined that the angles determined for the diagonal 
members were incorrect since the angles of the members intersection the vertical and 
horizontal members were determined by the length and height the member traveled rather 
than the angle that would be created if the top angle of the cut-out triangle was intersected by 
a vertical member. These angles were determined by adjusting the angles on the member and 
inserting it into the Bridge Structure sub-assembly and testing if the member fit as anticipated. 
From this process, the correct angles for the vertical members were determined. This error 
caused the Bridge Structure Sub-assembly to take significantly more time than expected. 
However, most of the part drawings took less time than expected so there was a buffer in the 
schedule and budget for this mistake. When creating the Hydraulic Lift Sub-assembly, it was 
discovered that the length of the estimated hydraulic lift was incorrect because the height of 
the 50 [mm] vertical member is not exactly 50 [mm]. The length of the estimated hydraulic lift 
was then calculated based off the 45.24 [mm] actual height of the 50 [mm] vertical member. 
This gave an estimated length of 52.46 [mm] rather than 80.35 [mm]. Since the Hydraulic Lift 
Drawing was an estimated drawing and not the actual part, the representation of the hydraulic 
lift in SolidWorks is slightly off because the raw part cannot be modified. During construction of 
the Hydraulic Lift Sub-assembly, the hydraulic lift will be modified in order to fit accordingly. 
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This includes cutting the post of the hydraulic lift so it’s shorter. This will not affect the overall 
height the bridge rises significantly because the hydraulic lift will still move the same distance 
and the distance in the y-direction the hydraulic lift would no longer move because it got 
converted to the x-direction, would be so small that it can be assumed that it does not impact 
the overall raised height of the bridge. This new hydraulic lift dimension still meets the 
requirement for 50% of the bridge to raise to 140 [mm] above its original horizontal position. 
When creating the Balsa Wood Rising Bridge Assembly, the road pin end and road pin cap end 
diameter needed to be changed from 7 [mm] to 6 [mm] in order to not interfere with the 
bridge structure. This was found in the process of creating the Balsa Wood Rising Bridge 
Assembly. Another thing that was found when creating the Balsa Wood Rising Bridge Assembly 
is that the road pin holders needed to add another 2.38125 [mm] to the long end of the holder 
in order to allow the pin to function properly because the bridge structure was interfering with 
the hole in the holder. This change can be seen in Appendix B – Bridge Pin Holder. 
 
The supporting documentation of this project was completed as the project design was 
completed and adjusted accordingly as parts were added and changed. Overall, the supporting 
documentation of this project took less time than expected because not as many issues were 
encountered during the project design duration. 
 
Overall, the design portion of the project went smoothly. The project schedule was planned 
well enough to allow for enough time to complete all tasks for a given week. The project also 
stayed well within budget for the design portion of the project by completing the majority of 
the tasks under the estimated time to complete, or within the estimated time to complete. The 
project drawings were also done well as they did not need to be redone, unless there was a 
design error discovered later, such as the angles on the diagonal members. 
 
However, there are some things that would have been done differently if the principal engineer 
had been aware of them before starting the design process of the project. When brainstorming 
design ideas for the project, different means of raising the bridge should have also been 
brainstormed. This would have allowed a better thought process in the selection of the raising 
mechanism, which would have caused less room for error during the design process of the 
project. During the course of the design process of this project, more journal notes should have 
been taken to help avoid confusion. Luckily, this aspect can be done differently for the 
construction process of the project. When conducting analyses, mentors should be consulted 
before starting analyses in order to avoid analysis error as much as possible and help keep the 
project on track and within budget. When considering the angles the diagonal members need 
to be cut at, an analysis should be performed instead of some quick journal notes and 
calculations. This would help avoid having to redo the diagonal member angles when building 
the Bridge Structure Sub-assembly. By avoiding tis mistake, it would help keep the project on 




The construction phase was structured as follows: manufacture plan, purchase parts and raw 
materials, update design, manufacture parts, assemble sub-assemblies, assemble assembly. 
After the design phase of this project, it was determined that the Central Washington 
University campus would be closed the first two weeks of the construction phase due to COVID-
19. It was also announced that upon reopening, the university campus would be more limited 
to students. This led to some manufacture plan changes. Instead of the 3-D printed parts for 
this project being printed at Central Washington University, the parts were to be printed on a 3-
D printer at home. This meant the 3-D printer needed to be set up and the configuration 
settings in order to produce parts needed to be learned. The 3-D printer was able to be set up 
in time to print the 3-D printed parts on time. 
 
During the manufacture plan, the equipment and tools needed for this project was determined 
in order to be purchased with raw parts and materials. After coming up with the initial list of 
equipment and tools that would be needed to complete this project, it was discovered that 
more equipment and tools would need to be purchased than expected in order to complete the 
bridge project at home. A new folding table was needed to be purchased because the existing 
folding table that was planning to be used for this project was no longer locking in place and 
could not reliably be a working table. Sand paper was also an unexpected tool needed to 
complete this project from home due to the rough edges left from the sawing process of some 
parts and the roughness of 3-D printed parts. 
 
During the purchase of parts and raw materials, some parts were not able to be purchased in 
the designated size as planned, this led to the bridge design needing to be updated. During this 
phase, the stock size for truss members was unavailable in the designed size, so the drawings 
and angle calculations of truss members were needed to be redone for a stock size of 3/16 [in] 
instead of 3/32 [in]. It was determined that since the analyses for this project were done with a 
smaller stock size, a larger stock size would not be a problem as long as the bridge still did not 
go over 85 [g]. The original hydraulic lifts that were planned to be ordered, were ordered off of 
Amazon, but came much larger than expected. However, the tubing from these large hydraulic 
lifts was still able to be used on the project. New smaller hydraulic lifts were needed to be 
purchased from the local drug store in order to make sure size was correct for the project. 
 
While updating the design of the bridge, some redesign problems occurred. While redoing the 
assembly, rebuild errors occurred due to mates. This caused the project engineer to spend 
more time redoing mates in the assembly than was expected. 
 
During the manufacture of parts, it was discovered that unless cutting small chucks of balsa 
wood off, a hand saw would be needed to cut truss members and then an X-Acto knife would 
be needed to get the truss members to specifications. Luckily, a hand saw was readily available 
and was not needed to be purchased. It was also discovered that truss members should be 
manufactured from longest to smallest instead of the designated order. This is because if the 
parts were manufactured from longest to smallest, then if a truss member was cut too short for 
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the member it was meant to be, it can still be used to create the smaller truss members that 
will need to be manufactured later. This led to less waste in the manufacture of parts and 
allowed ample material to produce parts. 
 
During assembly of sub-assemblies, it was determined that in order for the members to set 
properly clamps would be needed to ensure the bond between members using epoxy. 
However, the clamps could only reach so far across the table that they could only be placed in 
certain positions. This meant that the assembly of the project needed to be more strategic in 
how different parts of the project were assembled than initially thought. Occasionally, the 
clamps would lose their grip on the table and fall off. Thankfully, one of the clamps being used 
was a C-clamp, which kept the bridge structure from falling off the table with the clamp and 
ruining the project progress. The epoxy used to assemble the project took longer to set than 
initially thought as the manufacturer claims that it will dry in five minutes. The epoxy did not set 
enough to remove the clamps and move on to the next section until about 10 minutes after 
applying the epoxy to the parts. After a couple joints assembled, it was discovered that it would 
be wise to add a layer of epoxy on one side of the members to help ensure the bond between 
the multiple different pieces at the joint. 
 
During the assembly of the bridge structure, it was discovered that the original manufacture 
plan to glue in the horizontal members to the two sides of the bridge would not work. After 
attempting to glue in horizontal members with clamps holding the member in place, it was 
determined that that method of manufacturing would prove to be unsuccessful. After careful 
debate with a mentor, the project engineer decided it was best to invest in more clamps and 
blocks of dry foam in order to properly glue in the horizontal members of the bridge to the 
sides of the bridge. The project would require a total of four one-handed bar clamps, compared 
to the one c-clamp and the one one-handed bar clamp that was being used for the bridge sides 
in the bridge structure sub-assembly. One clamp to hold the top of one end of the bridge and 
one to hold the bottom of one end of the bridge, with the same on the other end of the bridge. 
The dry foam was needed because it was easy to cut to size. The dry foam was cut to the width 
of the bridge and the two bridge sides were laid against it while the road deck and the 
horizontal members were on the bottom of the blocks in between the blocks and the table in 
order to ensure that the bridge is level. The sides of the bridge were then clamped to the blocks 
as described above. This method proved successful in assembling the two sides of the bridge to 
the horizontal members and road deck in order to finish the construction of the bridge 
structure sub-assembly. 
 
When attempting to insert the road deck into the bridge structure sub-assembly, the road deck 
collapsed in half long ways on one end, but did not fracture all the way through, due to too 
much pressure with the one-handed bar clamps. It was determined that the road deck was still 
functional after this incident. However, some reinforcement with epoxy was used to make sure 




The testing portion of this project was structured as follows: Test 1: Travel, Test 2: 
Dimensions/Composition, Test 3: Articulation, and Test 4: Load. During Test 1, which evaluated 
the requirement that the bridge have a 25 [mm] high by 32 [mm] wide block pass through the 
bridge without obstruction. To make the design of this test easier, it was determined the width 
of the testing block should also be 32 [mm].  Test 1 was conducted by setting the testing block 
with the hollow end facing outward (not towards the bridge) to be able to allow a piece of balsa 
wood stock to push the block across the bridge from the inside of the block. One thing that was 
observed that was unexpected during this test was that the block wanted to twist as it traveled 
the bridge because the balsa wood stock that the project engineer used to push the block 
across the bridge was so much smaller than the testing block size. This meant the project 
engineer needed to counteract the twisting motion with the balsa wood stock as the testing 
block traveled the length of the bridge. This test proved that the bridge met the requirement 
that the bridge must be able to allow a 25 [mm] high by 32 [mm] wide block to pass through 
the bridge without obstruction. After completion of this test, given the observations, it was 
determined that this test could be improved by cutting a small piece of the balsa wood stock off 
and gluing it to the tip of the balsa wood stock piece in order to form a T-shape. The T-shape 
end would then be used to push the testing block across the bridge. This would prevent the 
block from twisting as it moves across the bridge because now the balsa wood stock that is 
being used to push the block is closer to the size of the testing block. 
 
Test 2 evaluated the requirements: the bridge road deck must be 38 [mm] wide with an 8 [mm] 
hole in the center of the road deck, the road deck must also be level without curvature and 
centered in the bridge, the bridge must also be constructed out of glue and balsa wood, aside 
from the articulation mechanism. This test was preformed using calipers to measure the results 
needed to evaluate the bridge and a visual inspection to determine whether or not the bridge 
was constructed out of balsa wood and glue aside from the articulation mechanism. This test 
came to the conclusion that the bridge is composed of balsa wood and glue, the road deck is 38 
[mm] wide with a 8 [mm] hole in the center of the road deck, and the road deck is level without 
curvature and centered in the bridge. During this test, there were no unexpected observations 
or results as this test went according to plan and produced the expected results. 
 
Test 3 evaluated the requirement that the bridge must be able to articulate by automated or 
manual means and lift 50% of the bridge to 140 [mm] and be able to hold that position for 10 
seconds. Data for this test was collected numerically and visually. The numerical results 
collected for this test were that the bridge raised 50% of it to 143 [mm] from its original 
horizontal resting position and that the bridge was able to hold that position for 10 seconds. 
For this project, the bridge is able to maintain raised position until lowered due to the 
mechanics of the hydraulic articulation mechanism. The visual results collected for this test 
were that the bridge was able to articulate through automated or manual means. The bridge 
was stopped at 143 [mm] for 50% of the bridge by the project engineer because if the bridge 
was to go past 147 [mm] the bridge poses risk of collapsing as it is operating past operational 
limits. The bridge is capable of going past 143 [mm], when raised higher that 143 [mm], but not 
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higher than 147 [mm], the bridge tipped over because the heads of the zip ties on the 
articulation mechanism had turned far enough to start producing a force on the table the 
bridge was sitting upon and thus causing the bridge to tip over. This problem could be fixed by 
gluing the zip tie heads at a different position on the hydraulic pins. However, the project 
engineer does not see this as necessary as the bridge can only operate for 4 [mm] more for safe 
operating procedures. 
 
Test 4 evaluated the requirements that the bridge must be able to allow for 18.9-20 [kg] to be 
loaded from the hole in the center of the road deck and weigh 85 [g] or less. These results were 
collected numerically by measuring the bridge and the weight of the sand and testing 
mechanism with a scale. Unfortunately, due to COVID-19, the loading test was not able to be 
conducted as initially intended, however, the produced results and testing procedure proved to 
be equivalent. Instead of using a 38 [mm] steel plate to hold the bolt for testing and to lay 
across the bridge, ½” PVC pipe was cut to a length of 38 [mm] and then had a 8 [mm] hole 
drilled through the center of the pipe to simulate the 38 [mm] steel plate. The testing 
procedure for this test also had to consider that however the rope was tied on the bolt to hand 
the weight from, it needed to be tied in a manner that did not impose side loads as the bridge 
was only designed to be vertically loaded. Test 4 produced the predicted results that the bridge 
would weigh 85 [g] or less without the articulation mechanism and would be able to hold 18.9-
20 [kg] at the hole in the center of the road deck. This test showed that the bridge weighed 73 
[g] without the articulation mechanism and held 20 [kg]. Due to limitations of the testing 
mechanism, the bridge was not overloaded to determine the failure load of the bridge, but the 
testing was stopped once it was proven that the bridge could hold the required amount of 
weight. This is because during testing, it was discovered that the bucket size needed for the test 
was miscalculated and the bucket ran out of room for all the sand needed. However, there was 
enough room between the top of the sand in the bucket and the handle of the bucket to 
squeeze a bowl in there in order to fit the rest of the sand required into the testing mechanism. 
This only allowed the bridge to be tested to prove the loading requirement. Due to this, further 
research is needed to determine the failure load of the bridge and the operational standards 





A device was needed to span a 400 [mm] gap and hold a load of 18.9-20 [kg], representing the 
weight of crossing traffic. The device also needed to be able to articulate so that traffic would 
be able to pass under the device when needed. This device also needed to be able to allow a 32 
[mm] wide and 25 [mm] high block to cross through the bridge without obstruction. This 
represents crossing traffic. Additional device requirements were specified in this proposal. 
 
The design and analysis show the device can meet the stated requirements successfully. The 
chosen design can be seen throughout this proposal. The components of the device are 
sourced, budgeted, and designed for an on-time completion. Completion of device components 
includes purchasing, constructing, and 3-D printing. 
 
The device is designed to lift 50% of the bridge to 140 [mm], while spanning a 400 [mm] gap; is 
also designed to hold 18.9-20 [kg] while spanning a 400 [mm] gap and to allow a 32 [mm] wide 
and 25 [mm] high block to pass through without obstruction. With the information outlined, 
the device is ready to be created. 
 
After the design and analysis of the bridge project, the construction phase was able to take 
place. The construction phase proved to need more adjustments to the manufacture plan than 
expected, but proved to be successful in building the designed bridge in this report. 
 
After the design, analysis, and construction of the project, the project was able to be tested to 
see if the project met the requirements. There were four tests conducted: travel, dimensions 
and composition, articulation, and load. The predicted result for the travel test was that the 
bridge would allow for a 25 [mm] high by 32 wide block to pass through without obstruction. 
The travel test result matched the predicted result. The predicted result for the dimensions and 
composition test was that the bridge road deck must be 38 [mm] wide with an 8 [mm] hole in 
the center of the road deck., the road deck must also be level without curvature and centered 
in the bridge, and the bridge must also be constructed out of glue and balsa wood, aside from 
the articulation mechanism. The dimensions and composition test results matched the 
predicted results. The predicted results for the articulation test was that the bridge would be 
able to lift 50% of the bridge to 140 [mm] by automated or manual means and be able to hold 
the position for 10 seconds. The articulation test matched the predicted results by bringing 50% 
of the bridge to 143 [mm] and lowering when the hydraulic system is commanded to be 
lowered. The predicted results for the load test was that the bridge would weigh 85 [g] or less 
without the articulation mechanism and be able to hold 18.9 – 20 [kg]. The load test matched 
the predicted results by weighing 73 [g] and holding 20 [kg]. The bridge would have been able 
to hold more weight if the backet size for the testing mechanism had not been miscalculated. 
Overall, testing of this project proved that the project met all design requirements. 
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APPENDIX A – Analysis 
Appendix A-1 – Bridge Loadings 
 
Figure 1. Page 1 of 7 of Bridge Loading Analysis. 
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Figure 5. Page 5 of 7 of Bridge Loading Analysis. 
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Figure 6. Page 6 of 7 of Bridge Loading Analysis. 
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Figure 7. Page 7 of 7 of Bridge Loading Analysis. 
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Appendix A-2 – Side Loading 
 
Figure 8. Page 1 of 2 of Side Loading Analysis. 
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Figure 9. Page 2 of 2 of Side Loading Analysis. 
 53 
Appendix A-3 – Balsa Wood Material Selection (Stock Size) 
 
Figure 10. Page 1 of 4 of Balsa Wood Material Selection Analysis. 
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Figure 11. Page 2 of 4 of Balsa Wood Material Selection Analysis. 
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Figure 12. Page 3 of 4 of Balsa Wood Material Selection Analysis. 
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Figure 13. Page 4 of 4 of Balsa Wood Material Selection Analysis. 
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Appendix A-4 – Glue Material Selection 
 
Figure 14. Page 1 of 3 of Glue Material Selection Analysis. 
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Figure 15. Page 2 of 3 of Glue Material Selection Analysis. 
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Figure 16. Page 3 of 3 of Glue Material Selection Analysis. 
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Appendix A-5 – Weight 
 
Figure 17. Page 1 of 5 of Weight Analysis. 
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Figure 18. Page 2 of 5 of Weight Analysis. 
 62 
 
Figure 19. Page 3 of 5 of Weight Analysis. 
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Figure 20. Page 4 of 5 of Weight Analysis. 
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Figure 21. Page 5 of 5 of Weight Analysis. 
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Appendix A-6 – Center of Mass 
 
Figure 22. Page 1 of 5 of Center of Mass Analysis. 
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Figure 23. Page 2 of 5 of Center of Mass Analysis. 
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Figure 24. Page 3 of 5 of Center of Mass Analysis. 
 68 
 
Figure 25. Page 4 of 5 of Center of Mass Analysis. 
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Figure 26. Page 5 of 5 of Center of Mass Analysis. 
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Appendix A-7 – Hydraulic Lift Dimensions 
 
Figure 27. Page 1 of 2 of Hydraulic Lift Dimensions Analysis. 
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Figure 28. Page 2 of 2 of Hydraulic Lift Dimensions Analysis. 
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Appendix A-8 – Force Needed to Lift 
 
Figure 29. Page 1 of 1 of Force Needed to Lift Analysis. 
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Appendix A-9 – Hydraulic Lift Housing Material Selection 
 
Figure 30. Page 1 of 2 of Hydraulic Lift Housing Material Selection. 
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Figure 31. Page 2 of 2 of Hydraulic Lift Housing Material Selection. 
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Appendix A-10 – Reaction at Pin While Raising 
 
Figure 32. Page 1 of 2 of Reaction at Pin While Raising Analysis. 
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Figure 33. Page 2 of 2 of Reaction at Pin While Raising Analysis. 
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Appendix A-11 – Hydraulic Pin Loading 
 
Figure 34. Page 1 of 2 of Hydraulic Pin Loading Analysis. 
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Figure 35. Page 2 of 2 of Hydraulic Pin Loading Analysis. 
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Appendix A-12 – Pin Material Selection and Size 
 
Figure 36. Page 1 of 2 of Pin Material Selection and Size Analysis. 
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Figure 37. Page 2 of 2 of Pin Material Selection and Size Analysis.  
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Prepared For: MET 420 
Software Used: Autodesk Nastran Version 14.0.0.202 
  
 Summary 
Given: Bridge design, analysis 1-12, balsa wood. Find: Max von mises stress and displacement 
and their locations. The report documents design and analysis using Autodesk Nastran 
engineering simulation software. A linear static analysis was performed using the finite element 
model shown in the figure below. The model is divided into 1 property group(s). The units 
system is mm-N-s. The model consists of a total of 22 nodes and 41 elements. 
  
 Assumptions 
1. Displacements are small. 
2. Follower forces are ignored.  
3. Constant load.    





The model is divided into 1 property group(s). Details for each group are given in Table 3.1.1. 
1. The bounding box for all positioned bodies in the model measures 450.0 by 81.0 by 0.0mm 
along the basic coordinate system x, y and z axes, respectively. 
2. The total mass of the model is 7.76E-06 t. 
3. The model center of mass is located at (223.7, 42.52, 0.0) mm. 










(mm3)  Nodes Elements 




6.062E+04 22 41 
              






Center of Mass 
 (mm)   
Moments of 
Inertia 
 (mm)   





          
Contact Definition 




































.   
Material Properties 
3.3.1 Isotropic Material Definition 
Material 
ID 
E G NU RHO ALPHA T-REF 
2 3400.0 1700.0 1.E-04 1.28E-10 3.8E-05 0.0 
              
3.3.2 Anisotropic Shell Element Material Definition 
No Data 
3.3.3 Anisotropic Solid Element Material Definition 
No Data 
3.3.4 Orthotropic Shell Element Material Definition 
No Data 
3.3.5 Orthotropic Solid Element Material Definition 
No Data 
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3.3.6 Hyperelastic Element Material Definition 
No Data 
Mesh 
The finite element mesh is shown in the figure below. The model consists of a total of 22 nodes 







Load is 191.7855 [N] at point K in the y-axis. 
  
The finite element environments are shown in the figures below. Applied structural loading is 
summarized in Table 4.1.1. Applied load vector resultants are defined in the basic coordinate 
system. Moments are summed about location (0.0,0.0,0.0). 
Table 4.1.1 Applied Load Vector Resultant 
  Resultant 
Force( 
N)  Resultant Moment(N mm) 
Subcase XT  YT ZT  XR YR ZR 
SUBCASE 
1 
 0.0 -191.7  0.0 0.0 0.0 -
4.313E+04 
              
Structural Support 
Constraints at locations A, N , G, H are pins in order to represent what the bridge must rest 
against. 
Figure 2 - Finite 
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Reaction loads are summarized in Table 4.2.1. Reaction load vector resultants are defined in 
the basic coordinate system. Moments are summed about location (0.0,0.0,0.0). 
Table 4.2.1 Reaction Load Vector Resultant 
 Resultant Force ( N)  Resultant Moment(N mm) 
Subcase XT YT ZT  XR YR ZR 
SUBCASE 1 -7.105E-
13 
191.7  0.0 0.0 0.0 4.313E+04 







The solution to the Environment defined in Section 4 applied to the Model defined in Section 3 
is given below. The program selected the VSS linear solver. Total solution time was 3.4 
seconds.The largest solution error measure was 9.078E-15 for SUBCASE 1.The results are 
summarized in the table(s) and figure(s) below. 








Subcase 1 0.0 Part 1 3.52 Part 1 
          
Table 5.1.2 Peak Displacement Component Summary 
 Displacement 
Components (mm) 
 Rotation Components (mm) 
Subcase XT YT ZT  XR YR ZR 




0.3093 3.52  0.0 0.0 0.0 1.974E-
02 
              
Table 5.1.3 Stress Results Summary 












Subcase 1     12.46 Part 1 
              
Table 5.1.4 Solution Error Measure and the Relative Stress Error Summary 
Subcase Solution Error 
Measure 
Shell Element Relative 
Stress Error 
Solid Element Relative 
Stress Error 
SUBCASE 1 9.078E-15 n/a n/a 







The max von mises stress is 12.464 [MPa] at point M and the max displacement is 3.52 [mm] at 
point K. 
  
A linear static analysis was performed using the Autodesk Nastran Version 14.0.0.202 finite 
element solver on the sqqbsa4eh structure. The finite element model contained mainly Part 1 
elements and consisted of 132 degrees of freedom.1 loading condition was analyzed.The 
maximum displacement was 3.52 mm (load case Subcase 1) 
  















 A three-dimensional cube aligned to the global x,y and z axes that exactly contains a body or 
assembly. 
Follower Force 




















































































  A measure of mesh convergence (values greater than 0.01 may indicate that further mesh 
















 The angle between the lines that join opposite midsides of a quadrilateral face. 
Solution Error Measure 
 A measure of solution quality (values less than 1.0E-07 are generally considered acceptable). 
Taper Ratio 
 The ratio of the areas on the two sides of a diagonal of a quadrilateral face. 
Warping Angle 
 The extent to which a quadrilateral face deviates from being planar. 
Welded Contact 






Appendix A-14 – Finite Element Analysis 2 




Prepared For: MET 420 
Software Used: Autodesk Nastran Version 14.0.0.202 
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Tables of Contents 
1. Summary 
2. Assumptions 
3. Model Definition 
3.1 Group Definition 
          Table 3.1.1 Group Definition 
          Table 3.1.2 Part Mass Properties 
3.2 Contact Definition 
3.3 Material Properties 
          Table 3.3.1 Isotropic Material Definition 
          Table 3.3.2 Anisotropic Shell Element Material Definition 
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          Table 3.3.6 Hyperelastic Element Material Definition 
3.4 Mesh 
          Table 3.4.1 Element Initial Distortion Summary 
4. Environment 
4.1 Structural Loading 
          Table 4.1.1 Applied Load Vector Resultant 
4.2 Structural Support 
          Table 4.2.1 Reaction Load Vector Resultant 
5. Solution 
     Table 5.1.1 Displacement Summary 
     Table 5.1.2 Peak Displacement Component Summary 
     Table 5.1.3 Stress Results Summary 
     Table 5.1.4 Solution Error Measure and the Relative Stress Error Summary 
6. Conclusion 
7. Glossary 
   
Summary 
Given: Analysis 1-13, Hydraulic Lift Drawing (10-002) Find: Loading on hydraulic lift, shear in 
pins, and bending stress in pins. The report documents design and analysis using Autodesk 
Nastran engineering simulation software. A linear static analysis was performed using the finite 
element model shown in the figure below. The model is divided into 2 property group(s). The 






1. Displacements are small. 
2. Follower forces are ignored.  
3. Constant load (for this analysis  ). 
4. Average pushing force = 70 [N].  
  
   





The model is divided into 2 property group(s). Details for each group are given in Table 3.1.1. 
1. The bounding box for all positioned bodies in the model measures 35.72 by 43.13 by 42.0mm 
along the basic coordinate system x, y and z axes, respectively. 
2. The total mass of the model is 7.646E-06 t. 
3. The model center of mass is located at (16.53, 22.92, 18.92) mm. 










(mm3)  Nodes Elements 





6346.0 21787 119636 




1586.0 9110 33719 
              






Center of Mass 
 (mm)   
Moments of Inertia 
 (mm)   
SOLID 1 MAT 1 6.029E-06 15.83, 23.41, 18.89 6.E-04, 3.9E-04, 
8.254E-04 
SOLID 2 MAT 2 1.617E-06 19.17, 21.09, 19.01 
8.581E-04, 5.701E-
04, 6.569E04 
          
Contact Definition 




































.   
Material Properties 
3.3.1 Isotropic Material Definition 
Material 
ID 
E G  NU RHO ALPHA T-
REF 
 
1 600.0  300.0 0.0 9.5E-10 0.0  0.0 
2 2000.0  717.4 0.394 1.02E-09 0.0  0.0 
              
3.3.2 Anisotropic Shell Element Material Definition 
No Data 
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3.3.3 Anisotropic Solid Element Material Definition 
No Data 
3.3.4 Orthotropic Shell Element Material Definition 
No Data 
3.3.5 Orthotropic Solid Element Material Definition 
No Data 




The mesh size is 0.75 [mm]. 
  
The finite element mesh is shown in the figure below. The model consists of a total of 30897 
nodes and 153355 elements. 

































100.0 0.0 0.0 134.
8 





100.0 0.0 0.0 131.
8 
80.0 0.0 0.0 







The hydraulic lift is loaded with 53.56 [N] in the x-axis and 45.05 [N] in the y-axis at the top pin 
and -53.56 [N] in the x-axis and -45.05 [N] in the y-axis at the bottom pin. 
  
The finite element environments are shown in the figures below. Applied structural loading is 
summarized in Table 4.1.1. Applied load vector resultants are defined in the basic coordinate 
system. Moments are summed about location (0.0,0.0,0.0). 
Table 4.1.1 Applied Load Vector Resultant 
 Resultant Force(N) Resultant Moment(N 
mm) 














              
Structural Support 
Figure 2 - Finite 
 108
The constraints are the part are pins on each face of the pin holder and each end face of the 
pins. The part is also constrained to allow translation in the x and y-axis on the rounded faces of 
the pins. 
Reaction loads are summarized in Table 4.2.1. Reaction load vector resultants are defined in 
the basic coordinate system. Moments are summed about location (0.0,0.0,0.0). 
Table 4.2.1 Reaction Load Vector Resultant 
 Resultant Force (N) Resultant Moment(N 
mm) 

























The solution to the Environment defined in Section 4 applied to the Model defined in Section 3 
is given below. The program selected the PCGLSS linear solver. Total solution time was 22.3 
seconds.The largest solution error measure was 3.677E11 for SUBCASE 1.The largest solid 
element relative stress error was 4.212E-02 for SUBCASE 1.The results are summarized in the 
table(s) and figure(s) below. 








Subcase 1 0.0 Hydraulic Road 
Pin:1 
0.2484 Hydraulic Road 
Pin:1 
Subcase 1 0.0 Hydraulic Lift:1 0.0 Hydraulic Lift:1 
Subcase 1 0.0 Hydraulic Housing 
Pin:1 
0.2835 Hydraulic Housing 
Pin:1 
Subcase 1 0.0 Hydraulic Housing 
Pin Cap:2 
0.0 Hydraulic Housing 
Pin Cap:2 
Figure 4 - 
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Subcase 1 0.0 Hydraulic Housing 
Pin Cap:1 
0.0 Hydraulic Housing 
Pin Cap:1 
Subcase 1 0.0 Hydraulic Housing 
Bracket:4 
0.0 Hydraulic Housing 
Bracket:4 
Subcase 1 0.0 Hydraulic Housing 
Bracket:3 
0.0 Hydraulic Housing 
Bracket:3 
Subcase 1 0.0 Hydraulic Housing 
Bracket:2 
0.0 Hydraulic Housing 
Bracket:2 
Subcase 1 0.0 Hydraulic Housing 
Bracket:1 
0.0 Hydraulic Housing 
Bracket:1 
Subcase 1 0.0  0.0  
          











0.0 0.0  0.0 
              
































































































Subcase 1 0.0  0.0  0.0  
              
Table 5.1.4 Solution Error Measure and the Relative Stress Error Summary 
Subcase Solution Error 
Measure 
Shell Element Relative 
Stress Error 
Solid Element Relative 
Stress Error 
SUBCASE 1 3.677E-11 n/a 4.212E-02 
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Figure 5 – OUTPUT SET: SUBCASE 1 – DEFORMED TOTAL: (MIN=0, MAX=0.283531) – CONTOUR: 




Figure 6 – OUTPUT SET: SUBCASE 1 – DEFORMED TOTAL: (MIN=0, MAX=0.283531) – CONTOUR: 




Figure 7 – OUTPUT SET: SUBCASE 1 – DEFORMED TOTAL: (MIN=0, MAX=0.283531) – CONTOUR: 
SOLID PRINCIPAL A STRESS (MPa) 
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Figure 8 – OUTPUT SET: SUBCASE 1 – DEFORMED TOTAL: (MIN=0, MAX=0.283531) – CONTOUR: 





The max displacement is 0.284 [mm] at the bottom pin. The max von mises stress is 19.118 
[MPa] at the connected face of the bottom pin. The green sheet analyses prior to this analysis 
can be foundin the project report. These finding conclude that the hydraulic pins will be able to 
withstand the force of the hydraulic lift while raising. 
  
A linear static analysis was performed using the Autodesk Nastran Version 14.0.0.202 finite 
element solver on the qwbcop5d3 structure. The finite element model contained mainly 
Hydraulic Lift:1 elements and consisted of 92691 degrees of freedom.1 loading condition was 
analyzed.The maximum displacement was 0.2484 mm (load case Subcase 1)The maximum von 
Mises stress was 18.57 (load case Subcase 1). 
















 A three-dimensional cube aligned to the global x,y and z axes that exactly contains a body or 
assembly. 
Follower Force 

































































































  A measure of mesh convergence (values greater than 0.01 may indicate that further mesh 

















 The angle between the lines that join opposite midsides of a quadrilateral face. 
Solution Error Measure 
 A measure of solution quality (values less than 1.0E-07 are generally considered acceptable). 
Taper Ratio 
 The ratio of the areas on the two sides of a diagonal of a quadrilateral face. 
Warping Angle 
 The extent to which a quadrilateral face deviates from being planar. 
Welded Contact 






APPENDIX B – Drawings 
 





Figure 38. Shows project drawing tree. 
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Appendix B – Subassembly Bridge Structure 
 
Figure 39. Shows Drawing 10-001: Bridge Structure Subassembly. 
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Appendix B – Subassembly Hydraulic Lift 
 
Figure 40. Shows Drawing 10-002: Hydraulic Lift Subassembly. 
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Appendix B – Assembly Balsa Wood Rising Bridge 
 
Figure 41. Shows Drawing 10-003: Balsa Wood Rising Bridge Assembly. 
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Appendix B – 31 mm Vertical Truss Member Drawing 
 
Figure 42. Shows Drawing 20-001: 31 [mm] Vertical Truss Member. 
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Appendix B – 50mm Vertical Truss Drawing 
 
Figure 43. Shows Drawing 20-002: 51 [mm] Vertical Truss Member. 
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Appendix B – Member NO/SH Drawing 
 
Figure 44. Shows Drawing 20-003: Member NO/SH. 
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Appendix B – Member NB/HF Drawing 
 
Figure 45. Shows Drawing 20-004: Member NB/HF. 
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Appendix B – Member CK/KE Drawing 
 
Figure 46. Shows Drawing 20-005: Member CK/KE. 
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Appendix B – Member MP/QL/QJ/RI Drawing 
 
Figure 47. Shows Drawing 20-006: Member MP/QL/QJ/RI. 
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Appendix B – Member OS Drawing 
 
Figure 48. Shows Drawing 20-007: Member OS. 
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Appendix B – Member AG/NH Drawing 
 
Figure 49. Shows Drawing 20-008: Member AG/NH. 
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Appendix B – Road Deck Drawing 
 
Figure 50. Shows Drawing 20-009: Road Deck. 
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Appendix B – Horizontal Member Drawing 
 
Figure 51. Shows Drawing 20-010: Horizontal Member. 
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Appendix B – Testing Block Drawing 
 
Figure 52. Shows Drawing 20-011: Testing Block. 
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Appendix B – Hydraulic Housing Pin Drawing 
 
Figure 53. Shows Drawing 20-012: Hydraulic Housing Pin. 
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Appendix B – Hydraulic Road Pin Drawing 
 
Figure 54. Shows Drawing 20-013: Hydraulic Road Pin. 
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Appendix B – Hydraulic Housing Bracket Drawing 
 
Figure 55. Shows Drawing 20-014: Hydraulic Housing Bracket. 
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Appendix B – Hydraulic Housing Pin Cap Drawing 
 
Figure 56. Shows Drawing 20-015: Hydraulic Housing Pin Cap. 
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Appendix B - Bridge Pin Drawing 
 
Figure 57. Shows Drawing 20-016: Bridge Pin. 
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Appendix B – Bridge Pin Cap Drawing 
 
Figure 58. Shows Drawing 20-017: Bridge Pin Cap. 
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Appendix B – Bridge Pin Holder Drawing 
 
Figure 59. Shows Drawing 20-018: Bridge Pin Holder. 
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Appendix B – Hydraulic Lift Subassembly 
 
Figure 60. Shows Drawing 55-004: Hydraulic Lift. 
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Qty Part Description Source Cost Disposition 
10-002 1 Hydraulic Lift Constructed $66.00 Constructed 
20-001 10 31 [mm] Vertical 
Truss Member 
Constructed $0.66 Constructed 
20-002 14 50 [mm] Vertical 
Truss Member 
Constructed $0.77 Constructed 
20-003 4 Member NO/SH Constructed $0.99 Constructed 
20-004 4 Member NB/HF Constructed $1.10 Constructed 
20-005 4 Member CK/KE Constructed $2.20 Constructed 
20-006 8 Member 
MP/QL/QJ/RI 
Constructed $2.09 Constructed 
20-007 2 Member OS Constructed $5.12 Constructed 
20-008 4 Member AG/NH Constructed $5.67 Constructed 
20-009 1 Road Deck Constructed $13.20 Constructed 
20-010 10 Horizontal 
Member 
Constructed $0.88 Constructed 
20-011 1 32 [mm] wide*25 
[mm] high Testing 
Block 
Printed $4.40 Printed 
20-012 1 Hydraulic Housing 
Pin 
Printed $2.50 Printed 
20-013 1 Hydraulic Road 
Pin 
Printed $2.50 Printed 
20-014 4 Hydraulic Lift 
Brackets 
Printed $3.30 Printed 
20-015 2 Hydraulic Lift pin 
Cap 
Printed $1.00 Printed 
20-016 1 Bridge Rotation 
Pin 
Printed $1.00 Printed 
20-017 1 Bridge Rotation 
pin Cap 
Printed $1.00 Printed 
20-018 4 Bridge Pin Holder Constructed $2.20 Constructed 
55-001 12 3/16”*3/16”*24” 
Balsa Wood Stock 
Local Craft Store $1.54 Purchased 
12/08/2020 
55-002 1 3/32”*4”*36” 
Balsa Wood Stock 
Michaels.com $4.51 Ordered 
12/08/2020 





55-004 2 Water Syringe (10 
[mL]) 
Local Drug Store $8.96 Purchased 
12/15/2020 
55-005 1 Plastic Tubing (ID: 
2 [mm], OD: 4 
[mm]) 80 [cm] 
long 
Amazon.com $6.59 Purchased 
12/12/2020 










APPENDIX D – Budget 
 
Item Qty Description Cost 
Labor Cost 1 Cost of labor hours on project $32,350.00 
Labor Tax 1 Tax on Labor Cost $3,235.00 
Equipment 
Purchases 
1 Cost of equipment deemed 
necessary for construction of 
project 
$200.00 
Parts 1 All parts needed to construct 
project (See Parts List in 















APPENDIX F – Expertise and Resources 
The special needs of this project were: a 3-D printer and remote access to a Central Washington 
University desktop in the Hogue Building in order to access SolidWorks to create part models, 
drawings, sub-assemblies, and assemblies. 
 
The expertise of Cody Greenfield, Professor Charles Pringle, and Dr. Jeunghwan Choi was 














APPENDIX G – Testing Report 
Test Report: Test 1: Travel  
Introduction:  
The purpose of this report is to lay out the test procedure and results for the travel 
requirement of the bridge. The bridge must be able to allow for a 32 [mm] wide by 25 [mm] 
high block to pass through the entire length of the bridge. This report will outline whether or 
not the bridge satisfied this requirement. The parameter of interest is obstruction and design 
dimensions. The predicted performance of the bridge is that the block will be able to pass 
through without any obstructions. The data will be collected visually as to whether the testing 
block snags or not and makes it all the way across the bridge. The testing schedule can be seen 
in the Gantt chart at the end of this document as well as in the engineering report. 
 
Method/Approach:  
The resources used for this test include both hard and soft resources such as: leftover balsa 
wood stock, SolidWorks, Microsoft Word, and the 3-D printed testing block. Microsoft Word 
will be used to document test results and test procedures. SolidWorks was used to create the 3-
D testing block, and the 3-D testing block will be the tool used to conduct this test. In order to 
move the block through the bridge, a full length of balsa wood stock will be used to push the 
block. The operational limits of this bridge are that no object larger than 37 [mm] wide by 30 
[mm] will be able to pass through the bridge. The function of the instruments used will be 
precise as to whether the block is able to pass through the entire bridge without obstruction. 
The data was recorded by a yes/no answer and will be analyzed against the requirement of the 
bridge as to whether or not the project meets that requirement. The data will be presented in a 
table, which can be seen in Appendix G2 of this report. 
 
Test Procedure:  
The project will be tested in the environment shown below: 
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Figure 1. Shows completed bridge setup. 
 
The test will be set up indoors at room temperature, so time of day is no concern. There is no 
time limit to complete the test, but the test itself should not take any longer than five minutes 
from start to finish. This test will be conducted at home, in Auburn, Washington. 
 
The resources needed for this test are: 
 Balsa wood bridge 
 3-D printed testing block 
 Balsa wood stock (same as one used to create bridge members) 
 Flat surface 
 Data sheets 
 Calipers 
 
The risks associated with this test is that the 3-D testing block may get stuck in the bridge if the 
bridge was not constructed to specified dimensions, someone could walk past and bump the 
table, loss of light if the power goes out, and the block twisting and getting stuck. At this time, 
the bridge is ready to be evaluated and once materials are collected, the test can begin. 
 
Test Steps 
1. Collect the materials listed above. 
2. Measure the height and width of the testing block using calipers and record the results 
in the data table in the test data form. 
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3. Measure the depth of the testing block using calipers and record the results in the data 
table in the test data form. 
4. Set the 3-D testing block in the entrance of the balsa wood bridge, so that the hollow 
side is facing out. 
5. Take the balsa wood stock and sick it in the hollow end of the block so the end of the 
stock is touching the wall of the 3-D printed testing block. 
6. Begin slowly pushing the 3-D printed block through the bridge with the balsa wood 
stock. 
7. When 3-D printed block reaches the other side of the bridge, remove the block and the 
balsa wood stock from the bridge. 




The testing progressed well and was able to be completed in the time frame estimated. The 
test produced the expected results that the testing block would travel the length of the bridge 
without obstruction. The one thing that was a bit surprising during this test was how much the 
block wanted to twisted while being pushed by the balsa wood stock. Although this was a risk 
associated with this test, it was not expected to occur so often, if at all. 
 
Deliverables: 
There are no calculated values associated with this test procedure, however, there are 
parameter values associated with this test such as the yes/no answer as to whether or not the 
block made it through the bridge without obstruction. The success criteria value of this test is 
yes in response to whether the block made it across the bridge without obstruction. The 
conclusion this test report draws is that the balsa wood bridge project meets the requirement 





Appendix G1 – Procedure Checklist(s) 
Materials 
o Balsa wood stock 
o Assembled balsa wood bridge 
o 3-D printed testing block 
o Flat surface, such as a table 




Appendix G2 – Data Forms 
 
Item Measurement [mm] Meet Requirement? [Yes/No] 
Width of Testing Block   
Height of Testing Block   
Depth of Testing Block   
Does the block successfully 
travel the length of the 
bridge? 
N/A  
Table 1. Shows whether or not the testing block meets the requirement of 32 [mm] wide by 25 [mm] high. This 
table also shows whether or not the bridge meets the requirement that the testing block can successfully pass 









Appendix G4 – Evaluation Sheet 
No evaluation sheet was needed for this test, as no values were needed to be computed 
because the test was a visual test. For data regarding the evaluation of this test, please see the 
raw data sheet in Appendix G3 – Raw Data.  
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Test Report: Test 2: Dimensions/Composition  
Introduction:  
The purpose of this report is to lay out the test procedure and results for the composition and 
dimension requirements of the bridge. The bridge road deck must be 38 [mm] wide with an 8 
[mm] hole in the center of the road deck. The road deck must also be level without curvature 
and centered in the bridge. The bridge must also be constructed out of glue and balsa wood, 
aside from the articulation mechanism. This report will outline whether or not the bridge 
satisfied these requirements. The parameter of interest is the measurements of the road deck. 
The predicted performance of the bridge is that the bridge is composed of balsa wood and glue, 
the road deck is 38 [mm] wide with a 8 [mm] hole in the center of the road deck, and the road 
deck is level without curvature and centered in the bridge. The data will be collected manually 
with calipers and visually. The testing schedule can be seen in the Gantt chart at the end of this 
document as well as in the engineering report. 
 
Method/Approach:  
The resources used for this test include both hard and soft resources such as: calipers, and 
Microsoft Word. Microsoft Word will be used to document test results and test procedures. 
The calipers will be used during this test to collect dimension data required to determine 
whether or not the balsa wood bridge meets the requirements. The operational limits of this 
bridge are that no object larger than 37 [mm] wide by 30 [mm] will be able to pass through the 
bridge. The function of the instruments used will be precise as to whether the road deck is 
centered and level, the hole in the road deck is 8 [mm] in diameter and centered on the road 
deck, and that the bridge is composed of balsa wood and glue aside from the articulation 
mechanism. The data was recorded with numerical answers and will be analyzed against the 
requirement of the bridge as to whether or not the project meets that requirement. The data 
will be presented in a table, which can be seen in Appendix G2 of this report. 
 
Test Procedure:  
The project will be tested in the environment shown below: 
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Figure 1. Shows completed bridge setup. 
 
The test will be set up indoors at room temperature, so time of day is no concern. There is no 
time limit to complete the test, but the test itself should not take any longer than 10 minutes 
from start to finish. This test will be conducted at home, in Auburn, Washington. 
 
The resources needed for this test are: 
 Balsa wood bridge 
 Calipers 
 Test Sheets 
 Flat surface 
 
The risk associated with this test is that the calipers are not calibrated correctly and thus do not 
measure the dimensions correctly.  At this time, the bridge is ready to be evaluated and once 
materials are collected, the test can begin. 
 
Test Steps 
9. Collect the materials listed above. 
10. Measure and record whether or not the bridge is composed out of balsa wood and glue 
without the articulation mechanism. 
11. Measure the width of the road deck with calipers and record the results in the test data 
tables. 
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12. Measure the location of the 8 [mm] hole in the road deck (x-coordinate, y-coordinate) 
making sure to measure to the center of the hole with calipers and record the results in 
the test data tables. 
13. Measure the diameter of the hole in the road deck with calipers and record the results 
in the test data tables. 
14. Measure the distance between member AG and the steel abutments and record the 
results in the test data tables. 
15. Measure the width of member AG (Side 1-End 1) with calipers and record the results in 
the test data tables. 
16. Measure the width of member AG (Side 2-End 1) with calipers and record the results in 
the test data tables. 
17. Measure the width of member AG (Side 2-End 1) with calipers and record the results in 
the test data tables. 
18. Measure the width of member AG (Side 2-End 2) with calipers and record the results in 
the test data tables. 
19. Measure the total width of end 1 with calipers and record the results in the test data 
tables. 
20. Measure the total width of end 2 with calipers and record the results in the test data 
tables. 
21. Compare the width of the bridge at each end of the bridge and record the results in the 
test data tables. 
22. Determine whether the numerical and visual data collected meets the requirements of 
the bridge and record those results in the test data tables. 
 
Discussion 
The testing progressed well and was able to be completed in the time frame estimated. The 
test produced the expected results that the road deck is 38 [mm] with an 8 [mm] hole centered 
on the road deck and that the road deck is level and centered on the bridge. This test also 
produced the expected result that the bridge is composed of balsa wood and glue besides the 




There are no calculated values associated with this test procedure, however, there are 
parameter values associated with this test such as the numerical dimensional data collected. 
The success criteria value of this test is yes in response to whether or not all the numerical 
values collected meet the requirements of the bridge. The conclusion this test report draws is 
that the balsa wood bridge project meets the requirements of being constructed out of balsa 
wood and glue without inclusion of the articulation mechanism, the road deck is 38 [mm] wide, 
centered in the bridge, and level without curvature, and that the hole in the road deck is 8 
[mm] in diameter and centered on the road deck.  
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Appendix G1 – Procedure Checklist(s) 
Materials 
o Assembled balsa wood bridge 
o Flat surface, such as a table 




Appendix G2 – Data Forms 
 
Question Meet requirement? [Yes/No] 
Bridge made out of only balsa wood and 
glue? 
 
Table 1. Shows whether or not the bridge meets the requirement of only being made out of balsa wood and glue, 
excluding the lifting mechanism. 
 
Item Measurement [mm] Meet Requirement? [Yes/No} 
Width of Road Deck   
Location of Hole on Road 
Deck 
  
Road Deck Hole Diameter   
Distance between Road Deck 
(Member AG in this case) and 
the steel abutments 
  
Table 2. Shows whether or not the bridge meets the requirement for the width of the road deck, the location of 
the hole on the road deck, the road deck hole diameter, and the distance between the road deck and the steel 
abutments. 
 
Item Measurement [mm] Meet Requirement? [Yes/No] 
Width of Member AG (Side 1-
End 1) 
 N/A 
Width of Member AG (Side 2-
End 1) 
 N/A 
Width of Member AG (Side 1-
End 2) 
 N/A 
Width of Member AG (Side 2-
End 2) 
 N/A 
Total Width of End 1  N/A 
Total Width of End 2  N/A 
Width Comparison   




Appendix G3 – Raw Data 
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Test Report: Test 3: Articulation 
Introduction:  
The purpose of this report is to lay out the test procedure and results for the articulation 
requirement of the bridge. The bridge must be able to articulate by automated or manual 
means and lift 50% of the bridge to 140 [mm] and be able to hold that position for 10 seconds. 
This report will outline whether the bridge satisfied this requirement. The parameter of interest 
is articulation height. The predicted performance of the bridge is that the bridge will be able to 
articulate through automated or manual means, lift 50% of the bridge to 140 [mm], and hold 
that position for 10 seconds. The data will be collected visually and numerically as to whether 
the bridge articulates through automated or manual means, lifts 50% of the bridge to 140 
[mm], and holds that position for 10 seconds. The testing schedule can be seen in the Gantt 
chart at the end of this document as well as in the engineering report. 
 
Method/Approach:  
The resources used for this test include both hard and soft resources such as: yarn, Microsoft 
Word, a stopwatch, and a ruler. Microsoft Word will be used to document test results and test 
procedures. Yarn and a ruler will be used to measure the distance from the center of the road 
deck. A stopwatch will be used to time the time the bridge is able to hold its final position. The 
operational limits of this bridge are that the bridge cannot raise more than 50% of the bridge 
past 147 [mm]. The function of the instruments used will be precise as to whether the bridge 
articulates by manual or automated means, raises 50% of the bridge to 140 [mm] and is able to 
hold that position for 10 seconds. The data was recorded by a yes/no answer and numerical 
data and will be analyzed against the requirement of the bridge as to whether or not the 
project meets that requirement. The data will be presented in a table, which can be seen in 
Appendix G2 of this report. 
 
Test Procedure:  
The project will be tested in the environment shown below: 
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Figure 1. Shows completed bridge setup. 
 
The test will be set up indoors at room temperature, so time of day is no concern. There is no 
time limit to complete the test, but the test itself should not take any longer than five minutes 
from start to finish. This test will be conducted at home, in Auburn, Washington. 
 
The resources needed for this test are: 




 Flat surface 
 Data sheets 
 
The risks associated with this test is that the table may get bumped by someone walking by and 
the bridge is raised past operational limits and thus proves not operational. At this time, the 
bridge is ready to be evaluated and once materials are collected, the test can begin. 
 
Test Steps 
23. Collect the materials listed above. 
24. Start raising the bridge, record whether the bridge raises by automated or manual 
means in the test data table located in Appendix G2. 
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25. Stop raising the bridge once the bridge reaches its final resting place and start the 
stopwatch. 
26. Record the time the bridge is able to stay raised in the test data table located in 
Appendix G2. 
27. Measure the height of the bridge at the midpoint using a piece of yarn being held from 
the midpoint of the bridge (center of the hole in the road deck) to the ruler placed the 
top of the lower member at the end of the bridge. 
28. Record the result in the test data table located in Appendix G2. 
29. Lower bridge and record observations that were observed during testing in the test data 
sheet in Appendix G2. 
 
Discussion 
The testing progressed well and was able to be completed in the time frame estimated. The 
test produced the expected results that the bridge would raise by automated or manual means, 
raise 50% of the bridge to 140 [mm], and be able to maintain raised position for 10 seconds. 
During this test, the bridge exceeded the midpoint of the bridge being raised to 140 [mm] by 3 
[mm], but was stopped by the project engineer because even though the bridge could go 
higher, the bridge would be operating out of specified operation and thus causing risk for the 
bridge to collapse. This risk was associated with this test, but since the bridge was operated 
within operation standards, the bridge posed no risk of collapsing. 
 
Deliverables: 
There are no calculated values associated with this test procedure, however, there are 
parameter values associated with this test such as the yes/no answer as to whether or not the 
bridge raised by automated or manual means and the numerical values associated with the 
height of the bridge at the midpoint and the amount of time the bridge remained at its final 
position. The success criteria value of this test is yes in response to whether the bridge raised 
by automated or manual means, the numerical value of the raised position is greater than or 
equal to 140 [mm], and the numerical value of the time the bridge was able to remain in its 
final position is greater than or equal to 10 seconds or is recorded as until demand. The 
conclusion this test report draws is that the balsa wood bridge project meets the requirement 
of articulating by automated or manual means, raising 50% of the bridge to 140 [mm], and 
holding its final position for 10 seconds. 
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Appendix G1 – Procedure Checklist(s) 
Materials 




o Flat surface (such as a table) 
o Data sheets 
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Appendix G2 – Data Forms 
 
Item Measurement  Meet Requirement? [Yes/No] 
Does the bridge raise by 
automated or manual 
means?  
N/A  
Height Raised at Midpoint of 
Bridge 
[mm]  
Time Bridge Is Able to 
Maintain Raised Position 
[s]  
Table 1. Shows whether or not the bridge meets the requirements that it raises by automated or manual means, is 





Appendix G3 – Raw Data 
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Appendix G4 – Evaluation Sheet 
No evaluation sheet was needed for this test, as no values were needed to be computed 
because the test was collected numerically and compared against numerical answers to 
determine whether they met the requirements. For data regarding the evaluation of this test, 
please see the raw data sheet in Appendix G3 – Raw Data.  
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Test Report: Test 4: Load 
Introduction:  
The purpose of this report is to lay out the test procedure and results for the load requirement 
of the bridge. The bridge must be able to allow for 18.9-20 [kg] to be loaded from the hole in 
the center of the road deck and weigh 85 [g] or less. This report will outline whether or not the 
bridge satisfied this requirement. The parameter of interest is the load the bridge is able to 
withstand and the weight of the bridge without the articulation mechanism. The predicted 
performance of the bridge is that the bridge with be able to hold 18.9-20 [kg] and will weigh 
less than 85 [g] without the articulation mechanism. The data will be collected numerically as to 
whether or not the bridge holds 18.9-20 [kg] and weighs 85 [g] or less without the articulation 
mechanism. The testing schedule can be seen in the Gantt chart at the end of this document as 
well as in the engineering report. 
 
Method/Approach:  
The resources used for this test include both hard and soft resources such as: sand, scale, rope, 
bucket, PVC pipe, bolt, nuts, washers, power drill, wood, and Microsoft Word. Microsoft Word 
will be used to document test results and test procedures. The sand will be used to slowly add 
weight to the testing mechanism stationed at the hole in the center of the road deck. The scale 
will be used to weigh the sand and the balsa wood bridge. The rope, bucket, PVC pipe, bolt, 
nuts, and washers will compose the testing mechanism. The power drill and wood will help 
assemble the testing mechanism needed in order to complete this test. The operational limits 
of this bridge are that the bridge cannot be loaded with more than 22 [kg]. The function of the 
instruments used will be precise as to whether the bridge is able to withstand 18.9-20 [kg] and 
whether the bridge weighs 85 [g] or less without the articulation mechanism. The data was 
recorded by numerical answers and will be analyzed against the requirement of the bridge as to 
whether or not the project meets that requirement. The data will be presented in a table, 
which can be seen in Appendix G2 of this report. 
 
Test Procedure:  
The project will be tested in the environment shown below:  
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Figure 1. Shows testing setup. 
 
The test will be set up indoors at room temperature, so time of day is no concern. There is no 
time limit to complete the test, but the test itself should not take any longer than twenty 
minutes from start to finish, once the testing mechanism is complete. This test will be 
conducted at home, in Auburn, Washington. 
 
The resources needed for this test are: 
 Balsa wood bridge 
 Two flat surfaces of same height 
 Data sheets 
 M6-1.0 [mm] x 80 [mm] bolt 
 Two M6-1.0 hex nuts 
 Two M8x24 washers 
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 Bucket (2 gallon) 
 Twisted polypropylene rope (1/4 [in]) 
 Power drill with ¼” drill bit 
 ½” PVC pipe cut to 42 [mm] 




The risks associated with this test is that the bridge may collapse before meeting the loading 
requirement and not be able to be tested again. At this time, the bridge is ready to be 
evaluated and once materials are collected, the test can begin. 
 
Test Steps 
30. Collect the materials listed above. 
31. Prepare testing mechanism. 
a. Measure 42 [mm] of 1/2” PVC pipe and cut to length. 
b. Cut the PVC pipe in half long ways, so that the piece forms a semi-circle from 
side profile. 
c. Measure 22 [mm] long and 10 [mm] tall and mark a spot on the PVC pipe to drill. 
d. Drill the hole in the PVC pipe at the marked location with a power drill and a ¼” 
drill bit as pictured below. 
 
Figure 2. Shows testing mechanism bracket. 
 
e. Make sure the M6 bolt fits through the drilled hole. 
32. Weigh testing mechanism on the scale and record in the raw data sheet. 
33. Weigh bridge on the scale and record in the raw data sheet. 
34. Subtract the weight of the hydraulic lift that was recorded prior to assembling the 
bridge from the total weight of the bridge and record in the raw data sheet under bridge 
structure weight. 
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35. Place two tables of same height 400 [mm] apart from each other. 
36. Place bridge centered across the gap between the tables. 
37. Assemble testing mechanism to bridge. 
a. Place prepared PVC pipe across the bridge so that the holes are lined up. 
b. Place the M6 bolt through the PVC pipe hole and the road deck hole. 
c. Attach the M6-1.0 hex nut to the bolt and thread all the way to the top. 
d. Place M8x24 washer onto bolt. 
e. Cut two strands of rope of equal length and make loops and the top of both 
strands. 
f. Attach loops to bolt so that they are facing opposite sides. Adjust loop tightness 
as needed. 
g. Place M8x24 washer onto bolt below the rope. 
h. Screw on M6-1.0 hex nut to bottom of bolt so that the testing mechanism looks 
like below
 
Figure 3. Shows completed testing mechanism that will be inside the bridge. 
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i. Attach the end of each strand to the 2 gallon bucket. 
38. Weigh out an amount of sand, record the weight on the raw data sheet, and then slowly 
poor into bucket on the testing mechanism. 
39. Continue to repeat step 9 until the bridge has reached the 18.9-20 [kg] benchmark 
(including the weight of the testing mechanism) or the bridge has failed. 
40. Add up the weight of the testing mechanism and the amounts of sand placed in the 
bucket and record the weight the bridge was able to hold in the raw data sheet. 
41. Determine whether the bridge met the requirements stated in this testing report. 
 
Discussion 
During test 4 of testing to evaluate the loading of the bridge, the calculation of the size of 
bucket needed for the test was miscalculated and thus the bucket ran out of room for sand. 
However, there was enough room between the bucket and the bucket handle to insert a bowl 
into to fill with more sand in order to reach the required amount of sand needed to determine 
whether the bridge met the loading requirement. Even with this miscalculation, test 4 was 
successful in determining whether the bridge met the 18.9-20 [kg] loading requirement and the 
85 [g] weight requirement. 
 
Deliverables: 
The calculated values required for this test are the final weight of the bridge and the total load 
the bridge was able to withstand. The parameter values associated with this test are the 
numerical values collected for the load the bridge was able to withstand and the weight of the 
bridge without the articulation mechanism. The success criteria value of this test is the bridge 
holds 18.9-20 [kg] and the bridge weighs 85 [g] or less without the articulation mechanism. The 
conclusion this test report draws is that the balsa wood bridge project meets the requirement 
of being able to hold 18.9-20 [kg] while weighing 85 [g] or less without the articulation 
mechanism and is able to span a 400 [mm] gap while resting on steel abutments that cannot 





Appendix G1 – Procedure Checklist(s) 
Materials 
o Balsa wood bridge 
o Two flat surfaces of same height 
o Data sheets 
o M6-1.0 [mm] x 80 [mm] bolt 
o Two M6-1.0 hex nuts 
o Thee M6 flat washers 
o Bucket (ENTER SIZE) 
o Rope (ENTER SIZE) 
o Power drill with (ENTER DRILL BIT) 
o PVC pipe cut to (ENTER SIZE) 





Appendix G2 – Data Forms 
 
Item Weight [g] Meet Requirement? 
[Yes/No] 
Weight of Hydraulic Lift 
Assembly 
 N/A 
Total Weight of Bridge  N/A 
Bridge Structure Weight   
Table 1. Shows whether or not the bridge structure meets the requirement of weighing no more than 85 [g]. 
 
Question Meet Requirement? [Yes/No] 
Does the bridge span to 400 [mm] gap?  
Does the bridge rest on the steel abutments 
that cannot withstand lateral force? 
 
Table 2. Shows whether or not the bridge meets the requirement that it must span a 400 [mm] gap and rest on 
steel abutments that cannot withstand lateral force. 
 
Item Measurement [g] Meet Requirement? [Yes/No] 
38 [mm] Testing Plate Weight  N/A 
Testing Hook Assembly 
Weight 
 N/A 
Weight of Bucket  N/A 
Weight of Sand Needed  N/A 
Did the bridge hold the 
testing plate, hook assembly, 
bucket, and all the sand 
needed? 
N/A  





Appendix G3 – Raw Data 
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Appendix G4 – Evaluation Sheet 
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APPENDIX H – Resume 
KAITLYN (KATE) E. GREENFIELD 
16015 120th Avenue East Puyallup, Washington 98374 
kaitlyngreenfield51@gmail.com | 253.249.3952 – mobile 
EDUCATION 
Central Washington University | Ellensburg, Washington | Class of 2021 | GPA: 3.80 | Mechanical 
Engineering Technology Major 
 





Safeway       Auburn, Washington 
Person in Charge/Backup Front End Manager     April 2020 – Present 
 Manage employees and their breaks, perform safe and till audits, count tills 
 Checkout customers, manage self-checkout, operate service center 
 Stock and face store as needed, put away perishable loads, order items, out of stocks 
 
Papa Murphy’s Pizza       Puyallup, Washington 
Shift Supervisor       August 2015 – April 2020 
 Open and close store 
 Manage store when manager is absent, send employees on breaks, handle complaints 
 Make pizzas, give customers their orders, manage tills, complete stock and prep list, clean store 
 
Central Washington University Catering     Ellensburg, Washington 
Team Member        September 2018 – April 2020 
 Open and close food trucks 
 Prepare and cook food for events 
 
Central Washington University Security Management    Ellensburg, Washington 
Team Member        September 2018 – April 2020 
 Set up and take down athletic events 
 Secure athletic events 
 Answer guest questions when needed 
 
Wild Waves Theme Park       Federal Way, Washington 
Food Service Employee       April 2015 – August 2015 
 Open and close various food stands 
 Prepare, cook, and serve designated food 
 Clean food stands 
 Operate till machine 
  
 187
KAITLYN (KATE) E. GREENFIELD 
16015 120th Avenue East Puyallup, Washington 98374 
kaitlyngreenfield51@gmail.com | 253.249.3952 – mobile 
RELATED COURSES 
 
Central Washington University 
 Business and professional speaking 
 Computer-aided design and drafting 
 Technical writing 
 Three-dimensional modeling 






JBL Pulse 3 Charging Port Replacement   iFixit     2018 
https://www.ifixit.com/Guide/JBL+Pulse+3+Charging+Port+Replacement/114623 
JBL Pulse 3 LED Light Display Replacement   iFixit     2018 
https://www.ifixit.com/Guide/JBL+Pulse+3+LED+Light+Display+Replacement/114132 
JBL Pulse 3 Motherboard Replacement   iFixit     2018 
https://www.ifixit.com/Guide/JBL+Pulse+3+Motherboard+Replacement/114134 
JBL Pulse 3 Outside Casing Replacement   iFixit     2018 
https://www.ifixit.com/Guide/JBL+Pulse+3+Outside+Casing+Replacement/113791 
JBL Pulse 3 Speaker Replacement    iFixit     2018 
https://www.ifixit.com/Guide/JBL+Pulse+3+Speaker+Replacement/114512 
JBL Pulse 3 Speaker Grill Replacement   iFixit     2018 
https://www.ifixit.com/Guide/JBL+Pulse+3+Speaker+Grill+Replacement/113861 
 
 
